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(54) PIEZOELECTRIC ACTUATOR, TIME PIECE, AND PORTABLE DEVICE 

(57) A rectangular vibrating plate 1 0 in which a pie- 
zoelectric element and a reinforcing plate are stacked is Pig m 3 
supported on a main plate by a support member 1 1 , and 
is urged toward the rotor 100 by an elastic force of the 
support member 11. This brings a projection 36 pro- 
vided on the vibrating plate 1 0 into abutment with an 
outer peripheral surface of the rotor 100. In this con- 
struction, when the vibrating plate 10 vibrates in the hor- 
izontal direction in the figure by an applied voltage from 
a driving circuit (not shown), the rotor 1 00 is rotated in a 
clockwise direction in accordance with the displacement 
of the projection 36 due to the vibration. 
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Description 

Technical Field 

[0001] The present invention relates to a piezoelec- 5 
trie actuator, and to a timepiece and a portable device 
including the piezoelectric actuator. 

Background Art 

10 

[0002] Since piezoelectric elements have excellent 
responsiveness and conversion efficiency from electri- 
cal energy to mechanical energy, various types of piezo- 
electric actuators utilizing the piezoelectric effect of 
piezoelectric elements have been developed in recent 15 
years. The piezoelectric actuators have been applied to 
the fields of piezoelectric buzzers, ink-jet heads of print- 
ers, and ultrasonic motors. 

[0003] Fig. 61 is a plan view schematically showing 
an ultrasonic motor using a conventional piezoelectric 20 
actuator. As shown in the figure, the ultrasonic motor of 
this type is called a poking type in which a rotor surface 
is slightly inclined and brought into contact with a tip of 
a vibrating piece connected to a piezoelectric element. 
In such a construction, when the piezoelectric element 25 
is expanded and contracted by an alternating voltage 
from an oscillator, and the vibrating piece reciprocates 
in a longitudinal direction, a force component is gener- 
ated in a circumferential direction of the rotor and the 
rotor is rotated. 30 
[0004] In addition, a technique has been known in 
which two ultrasonic vibrators (piezoelectric elements) 
are included, the ultrasonic vibrators vibrate with their 
own electrical resonance frequencies, and a vibrating 
piece is displaced by the vibration (Japanese Unexam- 35 
ined Application Publication No. 10-25151). 
[0005] However, while the displacement of the pie- 
zoelectric element depends on the applied voltage, it is 
very small, usually about sub-micron, and this also 
applies to a case where the piezoelectric element 40 
vibrates with the above- described resonance frequency. 
For this reason, the displacement is amplified by a cer- 
tain amplification mechanism, and is transmitted to the 
rotor. When the amplification mechanism is used, how- 
ever, energy is consumed to operate the amplification 45 
mechanism, efficiency is lowered, and the size of an 
apparatus increases. In addition, when the amplification 
mechanism is used, it may be difficult to stably transmit 
a driving force to the rotor. 

[0006] In addition, since a small portable device, so 
such as a wristwatch, is driven by a battery, it is neces- 
sary to lower the power consumption and the drive volt- 
age. Therefore, when a piezoelectric actuator is 
incorporated into such a portable device, it is particu- 
larly required that the energy efficiency be high and the 55 
drive voltage be low. 

[0007] Incidentally, in a calendar display mecha- 
nism for displaying the date, the day, and so forth in a 



timepiece or the like, it is common for the rotational driv- 
ing force from an electromagnetic stepping motor to be 
intermittently transmitted to a date indicator or the like 
via a watch-hand-driving wheel train so as to advance 
the date indicator or the like. On the other hand, since 
the wristwatch is carried by being strapped on a wrist, a 
reduction in thickness for convenience of carrying has 
long been demanded. In order to pursue the reduction 
in thickness, it is also necessary to reduce the thickness 
of the calendar display mechanism. However, since the 
stepping motor is constructed by incorporating parts, 
such as a coil and a rotor, thereinto in an out-of -plane 
direction, the reduction in thickness of the calendar dis- 
play mechanism is limited. For this reason, there is a 
problem in that the conventional calendar mechanism 
using the stepping motor is not structurally suited for 
reducing the thickness. 

[0008] In particular, in order to share a mechanical 
system (a so-called movement) between a timepiece 
with a calendar display mechanism and a timepiece 
without such a display mechanism, it is necessary to 
construct the calendar display mechanism on the side 
of a dial. However, it is difficult for an electromagnetic 
stepping motor to achieve a reduction in thickness to 
such an extent that the calendar mechanism can be 
constructed on the side of the dial. Therefore, it is nec- 
essary for a conventional timepiece to be manufactured 
by separately designing watch-hand-driving mechanical 
systems according to whether there is a display mecha- 
nism, and this becomes a problem when improving the 
productivity thereof. 

[0009] The present invention is made in considera- 
tion of the foregoing circumstances, and an object is to 
provide a piezoelectric actuator that facilitates a reduc- 
tion in size by simplifying conductive construction, and 
to provide a timepiece and a portable device including 
the same. In addition, it is an object to provide a piezo- 
electric actuator that is able to efficiently transmit vibra- 
tions of a piezoelectric element, that is suited for a 
reduction in size and thickness, and that is able to stably 
transmit a driving force, and to provide a timepiece and 
a portable device including the same. 

Disclosure of Invention 

[0010] According to the present invention, there is 
provided a piezoelectric actuator comprising: a base 
frame; a vibrating plate in which a longitudinal plate-like 
piezoelectric element and a reinforcing portion are 
stacked; and a support member, which is an elastic 
member, having a fixing portion fixed to the base frame 
and a mounting portion mounted on the vibrating plate, 
and which provides an elastic force to the vibrating plate 
so that a longitudinal end of the vibrating plate abuts 
against an object to be driven; wherein, when the piezo- 
electric element vibrates in the longitudinal direction of 
the vibrating plate, the vibrating plate is vibrated by the 
vibration, and the object to be driven is driven in one 
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direction in accordance with the displacement of the 
vibrating plate due to the vibration. 
[0011] In another form of the present invention, 
there is provided a piezoelectric actuator comprising: a 
base frame; a vibrating plate in which a longitudinal 
plate-like piezoelectric element and a reinforcing portion 
are stacked; a support member having a fixing portion 
fixed to the base frame and a mounting portion mounted 
on the vibrating plate, and supporting the vibrating plate 
on the base frame; and an elastic member for providing 
an elastic force to the vibrating plate so that the longitu- 
dinal end of the vibrating plate abuts against an object 
to be driven; wherein, when the piezoelectric element 
vibrates in the longitudinal direction of the vibrating 
plate, the vibrating plate is vibrated by the vibration, and 
the object to be driven is driven in one direction in 
accordance with the displacement of the vibrating plate 
due to the vibration. 

[0012] In another form of the present invention, 
there is provided a piezoelectric actuator comprising: a 
base frame; a vibrating plate in which a longitudinal 
plate-like piezoelectric element and a reinforcing portion 
are stacked; a rotor having front and back surfaces, and 
rotationally supported on the base frame in the direction 
perpendicular to the front and back surfaces as the 
direction of a rotation axis; and a support member, 
which is an elastic member, having a fixing portion fixed 
to the base frame and a mounting portion mounted on 
the vibrating plate, and which provides an elastic force 
to the vibrating plate so that a longitudinal end of the 
vibrating plate abuts against the front surface or the 
back surface of the rotor; wherein, when the piezoelec- 
tric element vibrates in the longitudinal direction of the 
vibrating plate, the vibrating plate is vibrated by the 
vibration, and the rotor is driven in one direction in 
accordance with the displacement of the vibrating plate 
due to the vibration. 

[0013] In another form of the present invention, 
there is provided a piezoelectric actuator comprising: a 
base frame; a vibrating plate in which a longitudinal 
plate-like piezoelectric element and a reinforcing portion 
are stacked; a rotor having front and back surfaces, and 
rotationally supported on the base frame in the direction 
perpendicular to the front and back surfaces as the 
direction of a rotation axis; a support member having a 
fixing portion fixed to the base frame and a mounting 
portion mounted on the vibrating plate, and supporting 
the vibrating plate on the base frame; and an elastic 
member for providing an elastic force to the vibrating 
plate so that the longitudinal end of the vibrating plate 
abuts against the front surface or the back surface of the 
rotor; wherein, when the piezoelectric element vibrates 
in the longitudinal direction of the vibrating plate, the 
vibrating plate is vibrated by the vibration, and the rotor 
is driven in one direction in accordance with the dis- 
placement of the vibrating plate due to the vibration. 
[0014] In another form of the present invention, 
there is provided a piezoelectric actuator comprising: a 



base frame; a vibrating plate in which a longitudinal 
plate-like piezoelectric element and a reinforcing portion 
are stacked; a rotor having an outer peripheral surface, 
and rotationally supported on the base frame; and a 
5 support member which is an elastic member, having a 
fixing portion fixed to the base frame and a mounting 
portion mounted on the vibrating plate, and which pro- 
vides an elastic force to the vibrating plate so that a lon- 
gitudinal end of the vibrating plate abuts against the 
10 outer peripheral surface of the rotor; wherein, when the 
piezoelectric element vibrates in the longitudinal direc- 
tion of the vibrating plate, the vibrating plate is vibrated 
by the vibration, and the rotor is driven in one direction 
in accordance with the displacement of the vibrating 
75 plate due to the vibration. 

[0015] In another form of the present invention, 
there is provided a piezoelectric actuator comprising: a 
base frame; a vibrating plate in which a longitudinal 
plate-like piezoelectric element and a reinforcing portion 
20 are stacked; a rotor having an outer peripheral surface, 
and rotationally supported on the base frame; a support 
member having a fixing portion fixed to the base frame 
and a mounting portion mounted on the vibrating plate, 
and supporting the vibrating plate on the base frame; 
25 and an elastic member for providing an elastic force to 
the vibrating plate so that the longitudinal end of the 
vibrating plate abuts against the outer peripheral sur- 
face of the rotor; wherein, when the piezoelectric ele- 
ment vibrates in the longitudinal direction of the 
30 vibrating plate, the vibrating plate is vibrated by the 
vibration, and the rotor is driven in one direction in 
accordance with the displacement of the vibrating plate 
due to the vibration. 

[0016] In another form of the present invention, 
35 there is provided a piezoelectric actuator comprising: a 
base frame; a vibrating plate in which a longitudinal 
plate-like piezoelectric element and a reinforcing portion 
are stacked; a rotor having an outer peripheral surface, 
rotationally supported on the base frame, a rotating 
40 shaft thereof being movable; a support member having 
a fixing portion fixed to the base frame and a mounting 
portion mounted on the vibrating plate, and supporting 
the vibrating plate on the base frame; and an elastic 
member for providing an elastic force to the rotor so that 
45 the outer peripheral surface of the rotor abuts against 
the longitudinal end of the vibrating plate; wherein, 
when the piezoelectric element vibrates in the longitudi- 
nal direction of the vibrating plate, the vibrating plate is 
vibrated by the vibration, and the rotor is driven in one 
50 direction in accordance with the displacement of the 
vibrating plate due to the vibration. 
[0017] In another form of the present invention, 
there is provided a piezoelectric actuator comprising: a 
base frame; a vibrating plate in which a longitudinal 
55 plate-like piezoelectric element and a reinforcing portion 
are stacked; a rotor having an outer peripheral surface, 
and rotationally supported on the base frame; and a 
support member having a fixing portion fixed to the 
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base frame and a mounting portion mounted on the 
vibrating plate, and supporting the vibrating plate on the 
base frame; wherein the rotor is formed of an elastic 
body arranged on a position where the outer peripheral 
surface thereof abuts against the longitudinal end of the 
vibrating plate, and presses the outer peripheral surface 
against the end of the vibrating plate by the elastic force 
thereof; and wherein, when the piezoelectric element 
vibrates in the longitudinal direction of the vibrating 
plate, the vibrating plate is vibrated by the vibration, and 
the rotor is driven in one direction in accordance with 
the displacement of the vibrating plate due to the vibra- 
tion. 

[0018] In another form of the present invention, 
there is provided a piezoelectric actuator comprising: a 
base frame; a vibrating plate in which a longitudinal 
plate-like piezoelectric element and a reinforcing portion 
are stacked; a selection means for selecting either a 
longitudinal vibration for vibrating the vibrating plate in 
the longitudinal direction within a plane to which the 
vibrating plate belongs, or a bending vibration for vibrat- 
ing the vibrating plate in the width wise direction perpen- 
dicular to the longitudinal direction within the plane; and 
a support member, which is an elastic member, having 
a fixing portion fixed to the base frame and a mounting 
portion mounted on the vibrating plate, and which pro- 
vides an elastic force to the vibrating plate so that a lon- 
gitudinal end of the vibrating plate abuts against an 
object to be driven; wherein, when the longitudinal 
vibration is selected by the selection means, the vibrat- 
ing plate causes the longitudinal vibration, whereby the 
object to be driven is driven in one direction in accord- 
ance with the displacement of the vibrating plate due to 
the vibration, and wherein, when the bending vibration 
is selected by the selection means, the vibrating plate 
causes the bending vibration, whereby the object to be 
driven is driven in the direction opposite to the direction 
during the longitudinal vibration in accordance with the 
displacement of the vibrating plate due to the vibration. 
[0019] In another form of the present invention, 
there is provided a piezoelectric actuator comprising: a 
base frame; a vibrating plate in which a longitudinal 
plate-like piezoelectric element and a reinforcing portion 
are stacked; a selection means for selecting either a 
longitudinal vibration for vibrating the vibrating plate in 
the longitudinal direction within a plane to which the 
vibrating plate belongs, or a bending vibration for vibrat- 
ing the vibrating plate in the widthwise direction perpen- 
dicular to the longitudinal direction within the plane; a 
support member having a fixing portion fixed to the 
base frame and mounting portion mounted on the 
vibrating plate, and supporting the vibrating plate on the 
base frame; and an elastic member for providing an 
elastic force to the vibrating plate so that a longitudinal 
end of the vibrating plate abuts against an object to be 
driven; wherein, when the longitudinal vibration is 
selected by the selection means, the vibrating plate 
causes the longitudinal vibration, whereby the object to 



be driven is driven in one direction in accordance with 
the displacement of the vibrating plate due to the vibra- 
tion, and wherein, when the bending vibration is 
selected by the selection means, the vibrating plate 
5 causes the bending vibration, whereby the object to be 
driven is driven in the direction opposite to the direction 
during the longitudinal vibration in accordance with the 
displacement of the vibrating plate due to the vibration. 
[0020] In another form of the present invention, 
io there is provided a piezoelectric actuator comprising: a 
base frame; a vibrating plate in which a longitudinal 
plate-like piezoelectric element and a reinforcing portion 
are stacked; a rotor having front and back surfaces, and 
rotationally supported on the base frame in the direction 
15 perpendicular to the front and back surfaces as the 
direction of a rotation axis; a selection means for select- 
ing either a longitudinal vibration for vibrating the vibrat- 
ing plate in the longitudinal direction within a plane to 
which the vibrating plate belongs, or a bending vibration 
20 for vibrating the vibrating plate in the out-of -plane direc- 
tion; and a support member, which is an elastic mem- 
ber, having a fixing portion fixed to the base frame and 
a mounting portion mounted on the vibrating plate, and 
which provides an elastic force to the vibrating plate so 
25 that a longitudinal end of the vibrating plate abuts 
against the front surface or the back surface of the rotor; 
wherein, when the longitudinal vibration is selected by 
the selection means, the vibrating plate causes the lon- 
gitudinal vibration, whereby the rotor is rotationally 
30 driven in one direction in accordance with the displace- 
ment of the vibrating plate due to the vibration, and 
wherein, when the bending vibration is selected by the 
selection means, the vibrating plate causes the bending 
vibration, whereby the rotor is rotationally driven in the 
35 direction opposite to the direction during the longitudinal 
vibration in accordance with the displacement of the 
vibrating plate due to the vibration. 
[0021] In another form of the present invention, 
there is provided a piezoelectric actuator comprising: a 
40 base frame; a vibrating plate in which a longitudinal 
plate-like piezoelectric element and a reinforcing portion 
are stacked; a rotor having front and back surfaces, and 
rotationally supported on the base frame in the direction 
perpendicular to the front and back surfaces as the 
45 direction of a rotation axis; a selection means for select- 
ing either a longitudinal vibration for vibrating the vibrat- 
ing plate in the longitudinal direction within a plane to 
which the vibrating plate belongs, or a bending vibration 
for vibrating the vibrating plate in the out-of -plane direc- 
50 tion; a support member having a fixing portion fixed to 
the base frame and a mounting portion mounted on the 
vibrating plate, and supporting the vibrating plate on the 
base frame; and an elastic member for providing an 
elastic force to the vibrating plate so that a longitudinal 
55 end of the vibrating plate abuts against the front surface 
or the back surface of the rotor; wherein, when the lon- 
gitudinal vibration is selected by the selection means, 
the vibrating plate causes the longitudinal vibration, 
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whereby the rotor is rotationally driven in one direction 
in accordance with the displacement of the vibrating 
plate due to the vibration, and wherein, when the bend- 
ing vibration is selected by the selection means, the 
vibrating plate causes the bending vibration, whereby 
the rotor is rotationally driven in the direction opposite to 
the direction during the longitudinal vibration in accord- 
ance with the displacement of the vibrating plate due to 
the vibration. 

[0022] In another form of the present invention, 
there is provided a piezoelectric actuator comprising: a 
base frame; a vibrating plate in which a longitudinal 
plate-like piezoelectric element and a reinforcing portion 
are stacked; a rotor having an outer peripheral surface, 
and rotationally supported on the base frame; a selec- 
tion means for selecting either a longitudinal vibration 
for vibrating the vibrating plate in the longitudinal direc- 
tion within a plane to which the vibrating plate belongs, 
or a bending vibration for vibrating the vibrating plate in 
the widthwise direction perpendicular to the longitudinal 
direction within the plane; and a support member, which 
is an elastic member having a fixing portion fixed to the 
base frame and a mounting portion mounted on the 
vibrating plate, and which provides an elastic force to 
the vibrating plate so that a longitudinal end of the 
vibrating plate abuts against the outer peripheral sur- 
face of the rotor; wherein, when the longitudinal vibra- 
tion is selected by the selection means, the vibrating 
plate causes the longitudinal vibration, whereby the 
rotor is rotationally driven in one direction in accordance 
with the displacement of the vibrating plate due to the 
vibration, and wherein, when the bending vibration is 
selected by the selection means, the vibrating plate 
causes the bending vibration, whereby the rotor is rota- 
tionally driven in the direction opposite to the direction 
during the longitudinal vibration in accordance with the 
displacement of the vibrating plate due to the vibration. 
[0023] In another form of the present invention, 
there is provided a piezoelectric actuator comprising: a 
base frame; a vibrating plate in which a longitudinal 
plate-like piezoelectric element and a reinforcing portion 
are stacked; a rotor having an outer peripheral surface, 
and rotationally supported on the base frame; a selec- 
tion means for selecting either a longitudinal vibration 
for vibrating the vibrating plate in the longitudinal direc- 
tion within a plane to which the vibrating plate belongs, 
or a bending vibration for vibrating the vibrating plate in 
the widthwise direction perpendicular to the longitudinal 
direction within the plane; a support member having a 
fixing portion fixed to the base frame and a mounting 
portion mounted on the vibrating plate, and supporting 
the vibrating plate on the base frame; and an elastic 
member for providing an elastic force to the vibrating 
plate so that a longitudinal end of the vibrating plate 
abuts against the outer peripheral surface of the rotor; 
wherein, when the longitudinal vibration is selected by 
the selection means, the vibrating plate causes the lon- 
gitudinal vibration, whereby the rotor is rotationally 



driven in one direction in accordance with the displace- 
ment of the vibrating plate due to the vibration, and 
wherein, when the bending vibration is selected by the 
selection means, the vibrating plate causes the bending 
5 vibration, whereby the rotor is rotationally driven in the 
direction opposite to the direction during the longitudinal 
vibration in accordance with the displacement of the 
vibrating plate due to the vibration. 
[0024] In another form of the present invention, 
w there is provided a piezoelectric actuator comprising: a 
base frame; a vibrating plate in which a longitudinal 
plate-like piezoelectric element and a reinforcing portion 
are stacked; a rotor having an outer peripheral surface, 
rotationally supported on the base frame, a rotating 
15 shaft thereof being movable; a selection means for 
selecting either a longitudinal vibration for vibrating the 
vibrating plate in the longitudinal direction within a plane 
to which the vibrating plate belongs, or a bending vibra- 
tion for vibrating the vibrating plate in the widthwise 
20 direction perpendicular to the longitudinal direction 
within the plane; a support member having a fixing por- 
tion fixed to the base frame and a mounting portion 
mounted on the vibrating plate, and supporting the 
vibrating plate on the base frame; and an elastic mem- 
25 ber for providing an elastic force to the rotor so that the 
outer peripheral surface of the rotor abuts against a lon- 
gitudinal end of the vibrating plate; wherein, when the 
longitudinal vibration is selected by the selection 
means, the vibrating plate causes the longitudinal vibra- 
30 tion, whereby the rotor is rotationally driven in one direc- 
tion in accordance with the displacement of the vibrating 
plate due to the vibration, and wherein, when the bend- 
ing vibration is selected by the selection means, the 
vibrating plate causes the bending vibration, whereby 
35 the rotor is rotationally driven in the direction opposite to 
the direction during the longitudinal vibration in accord- 
ance with the displacement of the vibrating plate due to 
the vibration. 

[0025] In another form of the present invention, 
40 there is provided a piezoelectric actuator comprising: a 
base frame; a vibrating plate in which a longitudinal 
plate-like piezoelectric element and a reinforcing portion 
are stacked; a rotor having an outer peripheral surface, 
and rotationally supported on the base frame; a selec- 
ts tion means for selecting either a longitudinal vibration 
for vibrating the vibrating plate in the longitudinal direc- 
tion within a plane to which the vibrating plate belongs, 
or a bending vibration for vibrating the vibrating plate in 
the widthwise direction perpendicular to the longitudinal 
so direction within the plane; and a support member hav- 
ing a fixing portion fixed to the base frame and a mount- 
ing portion mounted on the vibrating plate, and 
supporting the vibrating plate on the base frame; 
wherein the rotor is formed of an elastic body arranged 
55 on the position where the outer peripheral surface 
thereof abuts against a longitudinal end of the vibrating 
plate, and presses the outer peripheral surface against 
the end of the vibrating plate by the elastic force thereof; 
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wherein, when the longitudinal vibration is selected by 
the selection means, the vibrating plate causes the lon- 
gitudinal vibration, whereby the rotor is rotationally 
driven in one direction in accordance with the displace- 
ment of the vibrating plate due to the vibration, and 5 
wherein, when the bending vibration is selected by the 
selection means, the vibrating plate causes the bending 
vibration, whereby the rotor is rotationally driven in the 
direction opposite to the direction during the longitudinal 
vibration in accordance with the displacement of the io 
vibrating plate due to the vibration. 
[0026] From another standpoint, according to the 
present invention, there is provided a piezoelectric actu- 
ator having a piezoelectric elements and driving an 
object to be driven by the vibration of the piezoelectric 15 
element; the piezoelectric actuator comprising reinforc- 
ing portions stacked on the upper and lower sides of the 
piezoelectric element; wherein power is supplied to the 
piezoelectric element via the reinforcing portions. 
[00271 In another form of the present invention, 20 
there is provided a piezoelectric actuator having a pie- 
zoelectric element, and driving an object to be driven by 
the vibration of the piezoelectric element; the piezoelec- 
tric actuator comprising: a base frame; and a support 
member formed of a conductive material, and support- 25 
ing the piezoelectric element on the base frame; 
wherein power is supplied to the piezoelectric element 
via the support member. 

[0028] In another form of the present invention, 
there is provided a piezoelectric actuator having a pie- 30 
zoelectric element, and driving an object to be driven by 
the vibration of the piezoelectric element; the piezoelec- 
tric actuator comprising an elastic conductive material 
contacting the upper and lower surfaces of the vibrating 
plate to clamp the vibrating plate; wherein power is sup- 35 
plied to the piezoelectric element via the elastic conduc- 
tive material. 

[0029] In another form of the present invention, 
there is provided a piezoelectric actuator having a pie- 
zoelectric element, and driving an object to be driven by 40 
the vibration of the piezoelectric element; the piezoelec- 
tric actuator comprising a wire wound around the vibrat- 
ing plate while being in contact therewith; wherein 
power is supplied to the piezoelectric element via the 
wire. 45 
[0030] In addition, according to the present inven- 
tion, there is provided a timepiece comprising: a piezo- 
electric actuator in any one of the above forms; and a 
ring-shaped calendar display wheel rotationally driven 
by the piezoelectric actuator. so 
[0031] Furthermore, according to the present inven- 
tion, there is provided a portable device comprising: a 
piezoelectric actuator in any one of the above forms; 
and a battery for supplying power to the piezoelectric 
actuator. 55 



Brief Description of the Drawings 
[0032] 

Fig. 1 is a plan view of the principal construction of 
a calendar display mechanism having a piezoelec- 
tric actuator incorporated therein in a timepiece 
according to a first embodiment of the present 
invention. 

Fig. 2 is a sectional side elevation schematically 
showing the construction of the timepiece accord- 
ing to the embodiment. 

Rg. 3 is a plan view showing the overall construc- 
tion of the piezoelectric actuator. 
Rg. 4 includes diagrams for explaining a sectional 
contact state between a rotor and a projection that 
are components of the piezoelectric actuator. 
Rg. 5 is a diagram for explaining another example 
of the sectional contact state between the rotor and 
the projection of the piezoelectric actuator. 
Rg. 6 is a sectional side elevation showing a vibrat- 
ing plate that is a component of the piezoelectric 
actuator. 

Rg. 7 is a diagram showing a state in which the 
vibrating plate causes a longitudinal vibration. 
Rg. 8 is a block diagram showing the outline of the 
construction for supplying electric power to a piezo- 
electric element of the vibrating plate. 
Rg. 9 is a block diagram showing the outline of 
another construction for supplying electric power to 
the piezoelectric element of the vibrating plate. 
Rg. 10 is a diagram for explaining a state in which, 
when the vibrating plate vibrates, it causes a bend- 
ing vibration by a reaction force from the rotor. 
Rg. 11 is a diagram for explaining the orbit of the 
projection during the bending vibration. 
Rg. 12 is a graph showing an example of the rela- 
tionship between vibration frequency and imped- 
ance of the vibrating plate. 

Fig. 1 3 is a diagram for explaining the amplitude of 
the vibrating plate during the bending vibration. 
Fig. 14 is a diagram for explaining the operation of 
the vibrating plate when the rotor is to be rotated in 
a reverse direction. 

Rg. 15 is a diagram for explaining the position of 
the center of rotation of a support member for rota- 
tionally supporting the vibrating plate. 
Rg. 1 6 is a diagram for explaining another example 
of the position of the center of rotation of the sup- 
port member for rotationally supporting the vibrat- 
ing plate. 

Rg. 17 is a sectional side elevation showing a prin- 
cipal construction of the calendar display mecha- 
nism. 

Fig. 18 is a block diagram showing the construction 
of a driving circuit of the calendar display mecha- 
nism. 

Rg. 19 is a timing chart showing the operation of 
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the driving circuit. 

Fig. 20 is a plan view showing a first modification of 
the piezoelectric actuator. 

Fig. 21 is a sectional side elevation of a vibrating 
plate of a second modification of the piezoelectric 5 
actuator. 

Fig. 22 is a plan view showing another example of 
the vibrating plate of the second modification of the 
piezoelectric actuator. 

Fig. 23 is a plan view showing a third modification of 10 
the piezoelectric actuator. 

Fig. 24 is a plan view showing another example of a 
vibrating plate of the third modification of the piezo- 
electric actuator. 

Fig. 25 is a plan view showing still another example is 
of the vibrating plate of the third modification of the 
piezoelectric actuator. 

Fig. 26 is a diagram showing a further example of 
the vibrating plate of the third modification of the 
piezoelectric actuator. 20 
Fig. 27 is a diagram showing a still further example 
of the vibrating plate of the third modification of the 
piezoelectric actuator. 

Fig. 28 is a plan view showing a fourth modification 
of the piezoelectric actuator. 25 
Fig. 29 is a diagram showing a manufacturing 
method of a vibrating plate of the fourth modifica- 
tion. 

Fig. 30 is a plan view showing another example of 
the fourth modification of the piezoelectric actuator. 30 
Fig. 31 is a plan view showing a fifth modification of 
the piezoelectric actuator. 

Fig. 32 is a plan view showing a sixth modification 
of the piezoelectric actuator. 

Fig. 33 is a diagram for explaining the amplitude of 35 
a support member of the sixth modification of the 
piezoelectric actuator. 

Fig. 34 is a plan view showing another example of 
the sixth modification of the piezoelectric actuator. 
Fig. 35 is a plan view showing a seventh modifica- 40 
tion of the piezoelectric actuator. 
Fig. 36 is a diagram for explaining the position of 
the center of rotation of a support member for rota- 
tionally supporting a vibrating plate of the seventh 
modification of the piezoelectric actuator. 45 
Fig. 37 is a diagram for explaining the operation of 
the vibrating plate when the rotor is to be rotated in 
the reverse direction in the seventh modification. 
Fig. 38 is a plan view showing another example of 
the seventh modification of the piezoelectric actua- so 
tor. 

Fig. 39 is a plan view showing a further modification 
of the seventh modification of the piezoelectric 
actuator. 

Fig. 40 is a diagram showing a conductive construe- 55 
tion for supplying a drive voltage to the piezoelectric 
actuator. 

Fig. 41 is a diagram showing a modification of the 
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conductive construction for supplying the drive volt- 
age to the piezoelectric actuator. 
Fig. 42 is a side view showing a modification the 
conductive construction. 

Fig. 43 is a diagram showing another modification 
of the conductive construction for supplying the 
drive voltage to the piezoelectric actuator. 
Fig. 44 is a diagram showing a further modification 
of the conductive construction for supplying the 
drive voltage to the piezoelectric actuator. 
Rg. 45 is a side view showing a still further modifi- 
cation of the conductive construction. 
Fig. 46 is a plan view showing the overall construc- 
tion of a piezoelectric actuator according to a sec- 
ond embodiment of the present invention. 
Rg. 47 is a side view showing a vibrating plate that 
is a component of the piezoelectric actuator accord- 
ing to the second embodiment. 
Rg. 48 is a plan view showing the vibrating plate of 
the piezoelectric actuator according to the second 
embodiment. 

Rg. 49 is a diagram showing a construction for sup- 
plying electric power to a piezoelectric element of 
the vibrating plate of the piezoelectric actuator 
according to the second embodiment 
Rg. 50 includes a diagram showing a state in which 
the vibrating plate of the piezoelectric actuator 
according to the second embodiment causes a lon- 
gitudinal vibration, and a diagram showing a state 
in which the vibrating plate causes a bending vibra- 
tion. 

Rg. 51 is a diagram for explaining a driving direc- 
tion of a rotor when the vibrating plate of the piezo- 
electric actuator according to the second 
embodiment causes a longitudinal vibration. 
Fig. 52 is a diagram for explaining a driving direc- 
tion of the rotor when the vibrating plate of the pie- 
zoelectric actuator according to the second 
embodiment causes a bending vibration. 
Rg. 53 is a plan view showing the overall construc- 
tion of a piezoelectric actuator according to a third 
embodiment of the present invention. 
Rg. 54 is a plan view showing a modification of the 
piezoelectric actuator according to the third embod- 
iment. 

Rg. 55 is a plan view showing the overall construc- 
tion of a piezoelectric actuator according to a fourth 
embodiment of the present invention. 
Rg. 56 is a side view showing the vicinity of a con- 
tacting part between the vibrating plate and the 
rotor of the piezoelectric actuator according to the 
fourth embodiment. 

Rg. 57 is a side view showing the vicinity of the 
contacting part between the vibrating plate and the 
rotor in a modification of the piezoelectric actuator 
according to the fourth embodiment. 
Rg. 58 is a diagram for explaining a driving direc- 
tion of a rotor when a vibrating plate in another 
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modification of the piezoelectric actuator according 
to the fourth embodiment causes a bending vibra- 
tion. 

Fig. 59 are diagrams showing an example of the 
construction of a driving Circuit for switching the 5 
vibrating plate in the other modification of the piezo- 
electric actuator according to the fourth embodi- 
ment between a longitudinal vibration mode and a 
bending vibration mode. 

Fig. 60 is a diagram showing a modification of the 10 
piezoelectric actuator according to the first to fourth 
embodiments. 

Rg. 61 is a plan view schematically showing an 
ultrasonic motor using a conventional piezoelectric 
actuator. 15 

Best Mode for Carrying Out the Invention 

[0033] A description will now be given of embodi- 
ments of the present invention with reference to the 20 
drawings. 

A. First Embodiment 

A-1 . Overall Construction 25 

[0034] Rg. 1 is a plan view showing the principal 
construction of a calendar display mechanism having a 
piezoelectric actuator incorporated therein in a wrist- 
watch according to a first embodiment of the present 30 
invention. 

[0035] A piezoelectric actuator A1 is generally com- 
posed of a vibrating plate 10 that extensionally vibrates 
in an in-plane direction (a direction parallel to the plane 
of the figure) and a rotor (rotating member) 100. The 35 
rotor 1 00 is rotationally supported on a main plate (sup- 
port body) 103, and is disposed at a position where it 
abuts against the vibrating plate 10. When its outer 
peripheral surface is tapped by vibrations generated in 
the vibrating plate 1 0, the rotor 1 00 is rotationally driven 40 
in a direction shown by the arrow in the figure. 
[0036] Next, a calendar display mechanism is cou- 
pled to the piezoelectric actuator A1 , and is driven by a 
driving force thereof. The principal part of the calendar 
display mechanism is generally composed of a speed- 45 
reducing wheel train for decelerating the rotation of the 
rotor 100, and a ring-shaped date indicator 50. The 
deceleration wheel train includes an intermediate date 
wheel 40 and a date indicator driving wheel 60. 
[0037] Here, when the vibrating plate 10 vibrates in 50 
the in-plane direction as described above, the rotor 100 
abutting against the vibrating plate 10 is rotated in a 
clockwise direction. The rotation of the rotor 100 is 
transmitted to the date indicator driving wheel 60 via the 
intermediate date wheel 40, and the date indicator driv- 55 
ing wheel 60 rotates the date indicator 50 in a clockwise 
direction. In this way, the transmittance of all forces from 
the vibrating plate 1 0 to the rotor 1 00, from the rotor 1 00 
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to the speed-reducing wheel train, and from the speed- 
reducing wheel train to the date indicator 50 is effected 
in the in-plane direction. For this reason, the thickness 
of the calendar display mechanism can be reduced. 
[0038] Fig. 2 is a sectional view of a timepiece 
according to the first embodiment of the present inven- 
tion. In the figure, a calendar mechanism including the 
above-described piezoelectric actuator A1 is incorpo- 
rated into the hatched region, and the thickness thereof 
is considerably thin at about 0.5 mm. A disk-like dial 70 
is provided above the calendar display mechanism. A 
window 71 for displaying the date is provided in a part of 
the outer periphery of the dial 70 so that the date of the 
date indicator 50 can be seen through the window 71 . In 
addition, a movement 73 for driving hands 72, and a 
driving circuit (not shown), which will be described later, 
are provided below the dial 70. 

[0039] in the construction as described above, the 
piezoelectric actuator A1 has a construction in which a 
coil and a rotor are not stacked in the thickness direction 
as in a conventional stepping motor, but the vibrating 
plate 10 and the rotor 100 are disposed in the same 
plane. For this reason, it is structurally suited to a reduc- 
tion in thickness. For this reason, the thickness of the 
calendar display mechanism can be reduced, and the 
thickness of the entire timepiece can be reduced. Fur- 
thermore, the movement 73 can be shared between a 
timepiece with the calendar display mechanism and a 
timepiece without such a display mechanism, whereby 
productivity can be improved. 

A-2. Construction of Piezoelectric Actuator 

[0040] Next, a description will be given of the piezo- 
electric actuator A1 according to this embodiment As 
shown in Fig. 3, the piezoelectric actuator A1 includes a 
long plate-like vibrating plate 10 that is elongated in the 
lateral direction in the figure, and a support member 1 1 
for supporting the vibrating plate 10 on the main plate 
1 03 (see Fig. 1 ). 

[0041] At a longitudinal end 35 of the vibrating plate 
10, a projection 36 is projected toward the rotor 100, 
and the projection 36 is in contact with the outer periph- 
eral surface of the rotor 100. With the provision of such 
a projection 36, an operation such as grinding may be 
performed only on the projection 36 in order to maintain 
the state of the contact surface between the projection 
36 and the rotor 100, so that the contact surface 
between the projection 36 and the rotor 1 00 can be eas- 
ily controlled. In addition, the projection 36 formed of a 
conductive member or a non-conductive member may 
be used. When the projection 36 is formed of a non-con- 
ductive member, piezoelectric elements 30 and 31 (to 
be described later) can be prevented from shorting even 
if they come into contact with the rotor 1 00 that is gen- 
erally formed of metal. 

[0042] As shown in the figure, in this embodiment, 
the projection 36 is formed in the shape of a curved sur- 
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face projecting toward the rotor 100 in plane view. By 
forming the projection 36 abutting against the rotor 100 
in the shape of a curved surface in this way, even if the 
positional relationship between the rotor 100 and the 
vibrating plate 10 varies (due to variations in size and 
the like), the contact state between the outer peripheral 
surface of the rotor 1 00 that is a curved surface and the 
projection 36 formed in the shape of a curved surface 
does not change so much. Therefore, a stable contact 
state between the rotor 1 00 and the projection 36 can 
be maintained. 

[0043] As shown in Fig. 4(a), in this embodiment, 
the projection 36 is formed in the shape of a curved sur- 
face projecting toward the rotor 1 00 in sectional view. 
On the other hand, a concave surface 1 00a in the shape 
of a curved surface is formed in the outer peripheral sur- 
face of the rotor 100 so that the projection 36 and the 
concave surface 100a in the shape of a curved surface 
contact each other. Since the sectional contacting struc- 
ture is such that a curved surface contacts a curved sur- 
face, a good contact state can be maintained even if the 
contact angle between the projection 36 and the rotor 
100 varies. For example, as shown in Fig. 4(b), if the 
outer peripheral surfaces of the projection 36 and the 
rotor 100 are formed in the shape of straight lines, the 
contact state is greatly changed by merely a slight vari- 
ation of the contact angle. Here, although a guide mem- 
ber for guiding the projection 36 may be provided in 
order to maintain the contact angle constant, such a 
construction causes an increase in the number of com- 
ponents that increases the cost. Therefore, by forming 
the projection 36 and the concave surface 100a in the 
shape of curved surfaces, as in this embodiment, a 
good contact state can be maintained without causing a 
substantial increase in cost. In addition, disengagement 
of the projection 36 from the concave surface 100a can 
be restrained. Not only the concave surface 100a in the 
shape of a curved surface but also a V-groove 1 00b may 
be formed in the outer peripheral surface of the rotor 
100, as shown in Fig. 5. In this case, variations of the 
contact angle between the projection 36 and the rotor 
1 00, and the disengagement of projection 36 from the 
V-groove 1 00b can also be reduced. 
[0044] Returning to Fig. 3, one end portion (mount- 
ing portion) 37 of the support member 1 1 is mounted on 
the vibrating plate 10 at a portion slightly toward the 
rotor 100 from the longitudinal center thereof. The other 
end (fixed portion) 38 of the support member 1 1 is sup- 
ported on the main plate 1 03 (see Fig. 1) by a screw 39. 
In such a construction, the support member 1 1 supports 
the vibrating plate 10 in a state of urging, by its elastic 
force, toward the rotor 1 00, whereby the projection 36 of 
the vibrating plate 10 is brought into abutment with the 
side surface of the rotor 100. 

[0045] As shown in Fig. 6, the vibrating plate 1 0 has 
a stacked structure in which a reinforcing plate 32, such 
as stainless steel, having substantially the same shape 
as the piezoelectric elements 30 and 31, and having a 



thickness smaller than that of the piezoelectric elements 
30 and 31 , is arranged between the two rectangular pie- 
zoelectric elements 30 and 31. By arranging the rein- 
forcing plate 32 between the piezoelectric elements 30 

5 and 31 in this way, damage of the vibrating plate 1 0 due 
to the excessive vibration of the vibrating plate 1 0 or an 
external force can be reduced. In addition, the reinforc- 
ing plate 32 having a thickness smaller than that of the 
piezoelectric elements 30 and 31 is used so as to allow 

to as much vibration as possible of the piezoelectric ele- 
ments 30 and 31. 

[0046] Electrodes 33 are disposed on the surfaces 
of the piezoelectric elements 30 and 31 that are dis- 
posed at the upper and lower side surfaces. A voltage is 

15 supplied from a conductive construction, which will be 
described later, to the piezoelectric elements 30 and 31 
via the electrodes 33. Here, as the piezoelectric ele- 
ments 30 and 31, various types of substances can be 
used, such as lead zirconate titanate (PZT(trademark), 

20 quartz, lithium niobate, barium titanate, lead titanate, 
lead metaniobate, polyvinylidene fluoride, zinc lead nio- 
bate ((Pb(Zn1/3-Nb2/3)03 1-x-Pb Ti 03 x), wherein x 
varies with the composition, and x is about 0.09), and 
scandium lead niovate ((Pb((Sc1/2Nb1/2)1-x Tix))03), 

25 wherein x varies with the composition, and x is about 
0.09). 

[0047] In addition, in this embodiment, each of the 
electrodes 33 is formed with a thickness of 0.5 ujn or 
more. Electrodes each having a thickness of about 0.1 
30 to 0.3 \um are usually formed on such a piezoelectric 
element. In the piezoelectric actuator A1 , however, elec- 
trodes thicker than common electrodes are formed, 
whereby the electrodes 33 serve the function of a rein- 
forcing material against bending in addition to the func- 
35 tion of the electrode so as to improve the strength of the 
vibrating plate 10. Here, although the strength is 
improved when the thickness of each of the electrodes 
33 is increased, an excessive increase in the thickness 
will prevent the vibration of the vibrating plate 10. There- 
40 fore, when the improvement of the strength and the 
influence on the vibration are considered, the thickness 
of each of the electrodes 33 may preferably be 0.5 u,m 
or more, and the sum of the thicknesses of the elec- 
trodes 33 formed on the upper and lower surfaces may 
45 preferably be the thickness of the reinforcing plate 32 or 
less. In the case of the piezoelectric actuator A1 to be 
incorporated into the calendar display mechanism of the 
wristwatch as in this embodiment, when the reduction in 
thickness, the influence on the vibration, and the 
50 strength and the like are considered, the thickness of 
the reinforcing plate 32 may be about 0.1 mm. There- 
fore, in this case, the sum of the thicknesses of the elec- 
trodes 33 may be 0.1 mm or less. 
[0048] When an alternating voltage is applied from 
55 a driving circuit, which will be described later, to the pie- 
zoelectric elements 30 and 31 via the electrodes 33, the 
thus-constructed vibrating plate 10 vibrates as the pie- 
zoelectric elements 30 and 31 expand and contract. In 
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this case, the vibrating plate 10 causes a longitudinal 
vibration such that it expands and contracts in the longi- 
tudinal direction, as shown in Fig. 7, whereby the vibrat- 
ing plate 10 vibrates in the direction shown by an arrow 
in Fig. 3 (an unloaded state, that is, a state in which the 
projection 36 is not in contact with the rotor 100). In 
addition, as shown in Fig. 8, the vibrating plate 1 0 has a 
structure in which the long plate-like piezoelectric ele- 
ments 30 and 31 are stacked, and the piezoelectric ele- 
ments 30 and 31 are driven while being connected in 
parallel so that they are polarized in opposite directions 
(shown by the arrows in the figure), whereby the ampli- 
tude of vibration caused by the vibrating plate 1 0 can be 
amplified, and a greater displacement can be obtained. 
On the other hand, if the piezoelectric elements 30 and 
31 are driven while being connected in series so that 
they are polarized in the same direction, as shown in 
Fig. 9, the vibrating plate 10 can be vibrated with a low 
current. Therefore, the connecting structure of the pie- 
zoelectric elements 30 and 31 may be determined in 
accordance with the conditions of using the piezoelec- 
tric actuator A1 (when an increase in displacement is 
regarded as important, or when a reduction in power 
consumption is regarded as important). 

A-3. Operation of Piezoelectric Actuator 

[0049] Next, a description will be given of the oper- 
ation of the piezoelectric actuator constructed as 
described above. Firstly, when a voltage is applied to 
the vibrating plate 1 0 from a driving circuit (not shown), 
the vibrating plate 10 causes a flexural vibration as the 
piezoelectric elements 30 and 31 expand and contract, 
and vibrates in the direction of the arrow with the projec- 
tion 36 abutting against the rotor 1 00, as shown in Fig. 
3. The rotor 1 00 is rotated in the direction of the arrow in 
accordance with the displacement of the projection 36 
caused by the vibration. The rotor 100 is rotated in this 
way, whereby the date indicator 50 is rotated via the 
intermediate date wheel 40 (see Fig. 1), and the date 
and the day to be displayed are changed. 
[0050] Here, in the piezoelectric actuator A1, the 
projection 36 abutted against the rotor 100 is provided 
at a position shifted from the center line shown by a 
one-dot chain line in Fig. 3 in the widthwise direction 
(vertical direction in Fig. 3) of the vibrating plate 10. 
Therefore, a bending vibration shown in Fig. 10 is gen- 
erated in the vibrating plate 10 by a reaction force from 
the side surface of the rotor 1 00. If the above-described 
bending vibration is induced in addition to the longitudi- 
nal vibrations of the piezoelectric elements 30 and 31 
caused by the application of a voltage, the projection 36 
moves along an elliptical orbit, as shown in Fig. 1 1 . That 
is, if the bending vibration is excited in addition to the 
longitudinal vibration, a greater displacement can be 
obtained. If the displacement of the projection 36 can be 
amplified in this way, driving efficiency of the rotor 1 00 
that is driven in accordance with the displacement can 



be improved. The position where the projection 36 is 
provided is not limited to the position shown in the fig- 
ure, and the projection 36 may be provided at a position 
where a bending vibration can be induced in the sub- 
5 stantially rectangular vibrating plate 10 by the reaction 
force of the above -described rotor 1 00. 
[0051] Furthermore, if the vibrating plate 1 0 is used 
which has a shape such that the resonance frequency 
of the longitudinal vibration substantially coincides with 
w the resonance frequency of the bending vibration, the 
projection 36 can be moved along a larger elliptical 
orbit. If the projection 36 is moved along the large ellip- 
tical orbit in this way, the time the projection 36 comes 
into contact with the rotor 100 is elongated, whereby the 
15 displacement of the projection 36 during contact is 
amplified. Therefore, if a bending vibration that reso- 
nates with the longitudinal vibration due to the expan- 
sion and contract of the piezoelectric elements 30 and 
31 is induced, the driving force can be transmitted with 
20 higher efficiency. 

[0052] As described above, while the vibrating plate 
that has a shape such that the longitudinal vibration and 
the bending vibration generated in the vibrating plate 10 
resonate may be used, a vibrating plate that has a 
25 shape such that the resonance frequency of the bend- 
ing vibration of the vibrating plate 10 is increased to be 
slightly higher than the resonance frequency of the lon- 
gitudinal vibration may be used. If the resonance fre- 
quency of the bending vibration is increased to be 
30 slightly higher than the resonance frequency of the lon- 
gitudinal vibration in this way, a bending vibration is gen- 
erated in the vibrating plate 10, as shown in Fig. 10, 
whereby the projection 36 can be greatly displaced, and 
the vibration generated in the vibrating plate 10 can be 
35 stabilized. This is because the bending vibration cannot 
follow the longitudinal vibration when the resonance fre- 
quency of the bending vibration generated in accord- 
ance with the longitudinal vibration is lower than the 
resonance frequency of the longitudinal vibration gener- 
40 ated by the voltage applied to the piezoelectric ele- 
ments 30 and 31, and all vibrations generated in the 
vibrating plate 10 become unstable. In addition, in a 
vibrating plate in which the resonance frequency of the 
bending vibration greatly differs from the resonance fre- 
45 quency of the longitudinal vibration, amplitudes of the 
longitudinal vibration and bending vibration generated 
in the vibrating plate decrease, whereby driving effi- 
ciency is lowered. Therefore, if the resonance frequency 
of the bending vibration of the vibrating plate is slightly 
50 higher than the resonance frequency of the longitudinal 
vibration, a decrease in the amplitude of the vibration 
generated in the vibrating plate 10, that is, the displace- 
ment of the projection 36, can be restricted, and a stable 
vibration can be generated. For example, when a vibrat- 
55 ing plate having the varying impedance characteristics 
shown in Fig. 12 was used, it was experimentally recog- 
nized that the projection 36 greatly displaced along the 
above-described elliptical orbit, and a stable vibration 



10 



BNSDCCID: <EP 1075079A1_I_> 



19 



EP 1 075 079 A1 



20 



was generated in the vibrating plate, in the vibrating 
plate having the characteristics shown in Fig. 12, the 
resonance frequency at the minimum value of the 
impedance of the longitudinal vibration is 284.3 kHz, 
and the resonance frequency at the minimum value of 
the impedance of the bending vibration is 288.6 kHz. 
Therefore, if the vibrating plate 10 in which the reso- 
nance frequency of the bending vibration of the vibrat- 
ing plate 10 is increased to be higher than the 
resonance frequency of the longitudinal frequency by 
about 2% is used, the above-described advantages can 
be obtained. In a case where the resonance frequency 
of the bending vibration is slightly increased in this way, 
if the vibrating plate 10 is excited with a frequency 
between the resonance frequency of the longitudinal 
vibration and the resonance frequency of the bending 
vibration, that is, if the piezoelectric elements 30 and 31 
are driven with an exciting frequency within such a 
range, both the longitudinal vibration and the bending 
vibration can be easily induced, and a vibration such 
that the elliptical orbit shown in Fig. 1 1 becomes large 
can be generated in the vibrating plate 1 0, whereby the 
rotor 100 can be rotationally driven with higher effi- 
ciency. 

[0053] While the bending vibration may be induced 
in the vibrating plate 10 by a reaction force from the 
rotor 100, as described above, the projection 36 that is 
an abutment portion of the rotor 1 00 and the vibrating 
plate 1 0 may be elastically deformed in the widthwise 
direction by a reaction force from the rotor 100 gener- 
ated by the longitudinal vibration of the vibrating plate 
1 0 so that the projection 36 is moved along the above- 
described elliptical orbit. 

[0054] Since the projection 36 is urged toward the 
rotor 1 00 by the elastic force of the support member 1 1 
in the piezoelectric actuator A1 , sufficient friction can be 
obtained between the rotor 100 and the projection 36. 
This reduces slippage of the projection 36 and the rotor 
1 00, whereby a large driving force can be stably trans- 
mitted from the projection 36 to the rotor 100. 
[0055] Since the rotor 1 00 and the vibrating plate 1 0 
are supported on the main plate 103, which is a single 
member, the spacing arrangement between them is 
maintained constant. Therefore, the contact state 
between the projection 36 and the rotor 100 can be sta- 
bly maintained, whereby the driving force can be stably 
transmitted. 

[0056] In the piezoelectric actuator A1 according to 
this embodiment, the end 37 of the support member 1 1 
is attached to the vibrating plate 1 0 at a position of a 
node of amplitude of the center lines of vibrating plate 
1 0 shown by broken lines in Fig. 13, that is, at a position 
of minimum amplitude. More specifically, the end 37 is 
attached to the vibrating plate 10 slightly toward the 
rotor 100 from the longitudinal central part. This is 
because while the position of the center of gravity of the 
vibrating plate 10, i.e., the longitudinal central position 
of the rectangular vibrating plate 10 is a node of vibra- 



tion during the unloaded state, the node of vibration of 
the vibrating plate 10 is actually located toward the rotor 
1 00 from the central part, as shown in Fig. 1 3 due to the 
influence of the reaction force and the like from the rotor 

5 100 as described above. The vibrating plate 10 is sup- 
ported at the position of the node of vibration in this way, 
whereby loss of vibration energy is decreased and the 
driving force can be transmitted with higher efficiency. In 
addition, if the position of a node of vibration of the sup- 

70 port member 1 1 in accordance with the vibration of the 
vibrating plate 10 is allowed to substantially coincide 
with the end 37 of the support member 1 1 , the loss of 
the vibration energy can be further decreased. When 
the vibrating plate 1 0 does not have a rectangular shape 

15 shown in Fig. 10, the vibrating plate 10 may be sup- 
ported at a portion toward the rotor 1 00 from the center 
of gravity of the vibrating plate 1 0. This is because the 
node of the vibration of the vibrating plate 10 is moved 
toward the rotor 100 from the center of gravity of the 

20 vibrating plate 10 by the influence of the reaction force 
and the like from the rotor 100. The support member 1 1 
may support the vibrating plate 10 at the position of the 
node. 

[0057] Furthermore, in the piezoelectric actuator A1 
25 according to this embodiment, the vibrating plate 10 
having a structure in which the piezoelectric elements 
30 and 31 and the reinforcing plate 32 are stacked can 
rotationally drive the rotor 1 00 without using the amplify- 
ing member. Therefore, the construction is simplified, 
30 and the size of the device can be easily reduced. In 
addition, mechanical components of the piezoelectric 
actuator A1 are the vibrating plate 10, the support mem- 
ber 1 1 , and the like, and components are not stacked in 
the thickness direction (direction perpendicular to the 
35 plane of Fig. 1). Therefore, the thickness of the device 
can be easily reduced. 

[0058] In addition, in the piezoelectric actuator A1, 
the rotor 1 00 is driven only in one direction shown by the 
arrow in the figure, and another vibrating plate for driv- 

40 in g the rotor 1 00 in the opposite direction, and a mech- 
anism for changing the direction of abutment of the 
vibrating plate against the rotor 100 are not provided, 
that is, there are few factors for preventing the vibration 
of the vibrating plate 1 0. Therefore, the driving force can 

45 be transmitted more efficiently. 

[0059] In the piezoelectric actuator A1 according to 
this embodiment, since the rotor 100 is driven only in 
one direction, it is necessary to restrict the rotation of 
the rotor 1 00 in the opposite direction. However, when a 

so large external force is applied or a load is increased, the 
rotor 100 sometimes tends to rotate in the opposite 
direction against the driving force generated by the 
vibrating plate 10. For example, when an opposite 
torque exceeding the frictional force between the pro- 

55 jection 36 and the rotor 100 is generated, both of the 
projection 36 and the rotor 100 slip against each other 
to allow the rotor 100 to be rotated in the opposite direc- 
tion. In the piezoelectric actuator A1 according to this 
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embodiment, however, since the support member 1 1 is 
not a rigid body but is elastic, as shown in Fig. 14, when 
a force which tends to rotate the rotor 100 in the oppo- 
site direction increases and the rotor 100 is pushed 
back in the opposite direction, the rotation of the rotor 
100 in the opposite direction and the rotation of the 
vibrating plate 10 with the projection 36 contacting the 
rotor 100 are allowed. As shown in Fig. 15, in this 
embodiment, the center of rotation allowed for the 
vibrating plate 10 is set to be located within a quadrant 
formed by the line B extending from the contact point A 
of the rotor 100 and the projection 36 in a direction 
opposite to the driving direction of the rotor 100 at the 
point A and the line C intersecting the line B at right 
angles on the point A. That is, the rotation of the vibrat- 
ing plate 10 around the end 38 of the support member 
1 1 located within the above-described quadrant is 
allowed. By providing the center of rotation at such a 
position, when the vibrating plate 10 is rotated clock- 
wise in the figure in accordance with the opposite rota- 
tion of the rotor 100, the projection 36 is displaced 
toward the rotor 100 as if to cut into the rotor 100. 
Therefore, the force of the projection 36 pressing 
against the rotor 100 is increased, whereby the friction 
between the projection 36 and the rotor 100 is 
increased. This makes it possible to transmit a large 
torque (for the normal rotation) from the vibrating plate 
1 0, whereby the rotation of the rotor 1 00 in the opposite 
direction due to an increase in load and the external 
force can be inhibited. That is, when the load is 
increased, the driving torque can be increased corre- 
sponding to the increase in the load. When the force in 
the opposite direction is eliminated or decreased, the 
vibrating plate 10 is returned to the lower position 
shown by the one-dot chain line in Fig. 14 by the elastic 
force of the support member 1 1 . 

[0060] In addition to the increase in friction between 
the projection 36 and the rotor 100, when the rotor 100 
tends to rotate in the opposite direction, the vibrating 
plate 1 0 may be rotated so that the projection 36 moves 
away in a direction opposite to the driving direction 
shown by the arrow in accordance with the movement of 
the rotor 100, as shown in Fig. 16. In order to rotate the 
vibrating plate 1 0 in this way, the center of rotation of the 
vibrating plate 10 may be set to be located within a 
quadrant formed by the line D extending from the con- 
tact point A of the rotor 1 00 and the projection 36 in the 
driving direction of the rotor 100 at the point A and the 
line C intersecting the line D at right angles on the point 
A. This makes it possible to rotate the vibrating plate 1 0 
so that the projection 36 moves away as described 
above, whereby damage of the rotor 1 00 and the projec- 
tion 36 due to the external force and the like can be 
reduced. 

A-4. Construction of Calendar Display Mechanism 



struction of the calendar display mechanism with refer- 
ence to Fig. 1 and Fig. 17, which is a sectional view of 
Fig. 1 . In the figures, the main plate 1 03 is a first bottom 
plate for arranging parts thereon, and a main plate 1 03' 

5 is a second bottom plate partially having a stepped por- 
tion with respect to the main plate 1 03. A gear 1 00c that 
is coaxial with the rotor 1 00 and is rotated with the rotor 
1 00 is provided above the rotor 1 00. The intermediate 
date wheel 40 is composed of a large diameter section 

w 4b and a small diameter section 4a that is fixed so as to 
be concentric with the large diameter section 4b and is 
formed slightly smaller than the large diameter section 
4b. In accordance with the rotation of the gear 1 00c with 
the rotor 1 00, the large diameter section 4b that meshes 

75 with the gear 100c is rotated, whereby the intermediate 
wheel 40 is rotated. A peripheral surface of the small 
diameter section 4a is cut out in substantially a square 
shape to form a cutout 4c. A shaft 41 of the intermediate 
date wheel 40 is formed on the main plate 103', and a 

20 bearing (not shown) coupled to the shaft 41 is formed 
inside the intermediate date wheel 40. Therefore, the 
intermediate date wheel 40 is rotational ly provided on 
the main plate 103'. The rotor 100 also has a bearing 
(not shown) formed inside thereof, and is rotationally 

25 supported on the main plate 103. 

[0062] Next, the date indicator 50 is formed in the 
shape of a ring, and an internal gear 5a is formed on the 
inner peripheral surface thereof. The date indicator driv- 
ing wheel 60 has a gear of five teeth, and meshes with 

30 the internal gear 5a. A shaft 61 is provided in the center 
of the date indicator driving wheel 60 to rotationally sup- 
port the date indicator driving wheel 60. The shaft 61 is 
loosely inserted into a through hole 62 formed in the 
main plate 103*. The through whole 62 is elongated 

35 along the circumferential direction of the date indicator 
50. 

[0063] One end of a plate spring 63 is fixed to the 
main plate 1 03*, and the other end is fixed to the shaft 
61. This allows the plate spring 63 to urge the shaft 61 
40 and the date indicator driving wheel 60. Swinging of the 
date indicator 50 is prevented by the urging action of the 
plate spring 63. 

[0064] One end of a plate spring 64 is secured to 
the main plate 1 03' by a screw, and the other end is bent 

45 in substantially a V shape to form an end part 64a. A 
contact 65 is arranged so as to come into contact with 
the plate spring 64 when the intermediate date wheel 40 
is rotated and the end part 64a enters into the cutout 4c. 
A predetermined voltage is applied to the plate spring 

so 64, and the voltage is also applied to the contact 65 
upon contacting the contact 65. Therefore, by detecting 
the voltage of the contact 65, a date feed state can be 
detected. A manual driving wheel meshing with the 
internal gear 5a may be provided so that the date indi- 

55 cator 50 is driven when a user performs a predeter- 
mined operation on a crown (not shown). 



[0061] Next, a description will be given of the con- 
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A-5. Operation of Calendar Display Mechanism 

[0065] A description will be given of an automatic 
calendar-updating operation with reference to Fig. 1. 
When it is twelve o'clock midnight each day, this is 
detected, and a driving signal V is supplied to the piezo- 
electric elements 30 and 31 from a driving circuit 500, 
which will be described later. Then, the vibrating plate 
10 vibrates as described above. This makes the rotor 
100 rotate in a clockwise direction, and, following this, 
the intermediate date wheel 40 starts rotation in a coun- 
terclockwise direction. 

[0066] Here, the driving circuit 500 is constructed 
so as to stop the supply of the driving signal V when the 
plate spring 64 comes into contact with the contact 65. 
In a state where the plate spring 64 is in contact with the 
contact 65, the end portion 64a enters into the cutout 
4c. Therefore, the intermediate date wheel 40 starts to 
rotate. 

[0067] Since the date indicator driving wheel 60 is 
urged in a clockwise direction by the plate spring 63, the 
small diameter section 4a is rotated while sliding on 
teeth 6a and 6b of the date indicator driving wheel 60. 
When the cutout 4c reaches the position of the tooth 6a 
of the date indicator driving wheel 60 during the rota- 
tion, the tooth 6a meshes with the cutout 4c. In this 
case, the circumscribed circle of the date indicator driv- 
ing wheel 60 has moved to the position shown by C1 . 
[0068] When the intermediate date wheel 40 is con- 
tinuously rotated in a counterclockwise direction, the 
date indicator driving wheel 60 is rotated in a clockwise 
direction by one tooth, that is, by "1/5" of a revolution 
operatively associated with the intermediate date wheel 
40. Furthermore, the date indicator 50 is rotated in a 
clockwise direction by one tooth (equivalent to the date 
range for one day) operatively associated with the rota- 
tion of the date indicator driving wheel 60. In the final 
day of a month having a number of days less than "31 
the above operation is repeated a plurality of times, and 
the correct date based on a calendar is displayed by the 
date indicator 50. 

[0069] When the intermediate date wheel 40 is con- 
tinuously rotated in a counterclockwise direction, and 
the cutout 4c reaches the end part 64a of the plate 
spring 64, the end 64a enters into the cutout 4c. Then, 
the plate spring 64 comes into contact with the contact 
65, the supply of the driving signal V is stopped, and the 
rotation of the intermediate date wheel 40 is stopped. 
Therefore, the intermediate date wheel 40 is rotated 
once a day. 

[0070] Incidentally, the load of the piezoelectric 
actuator A1 increases during 1) a first period (start of 
rotation) until the end 64a of the plate spring 64 gets out 
of the state where it is in the cutout 4c, and 2) a second 
period in which the cutout 4c meshes with the date indi- 
cator driving wheel 60 to rotate the date indicator 50. 
When the load of the piezoelectric actuator A1 
increases, slippage between the rotor 100 and the pro- 



jection 36 is increased, and in the worst case, it 
becomes impossible to drive the rotor. In the mecha- 
nism of this embodiment, however, the first period and 
the second period do not overlap each other. That is, 

5 the maximum torque time required for detecting the 
date feed state and the maximum torque time required 
for driving the date indicator 50 are staggered. There- 
fore, the peak current of the piezoelectric actuator A1 
can be suppressed, and consequently, the timepiece 

io can be positively operated by maintaining the power 
source voltage above a certain voltage value. 

A-6. Driving Circuit 

15 [0071] Fig. 18 is a block diagram of the driving cir- 
cuit 500 for applying a voltage to the piezoelectric ele- 
ments 30 and 31 , and Fig. 1 9 is a timing chart of the 
driving circuit 500. A twelve o'clock midnight detection 
unit 501 is a mechanical switch incorporated in the 

20 movement 73 (see Fig. 2), and outputs a first control 
pulse CTLa shown in Fig. 19(a) when it is twelve o'clock 
midnight. A date feed detection unit 502 has the above- 
described plate spring 64 and the contact 65 as princi- 
pal sections, and outputs a second control pulse CTLb 

25 shown in Fig. 1 9(b) when the plate spring 64 comes into 
contact with the contact 65. 

[0072] A control circuit 503 generates an oscillation 
control signal CTLc (see Fig. 19(c)) based on the first 
control pulse CTLa and the second control pulse CTLb. 

30 The control circuit 503 may be composed of, for exam- 
ple, an SR flip flop so that the first control pulse CTLa is 
supplied to set terminals, and the second control pulse 
CTLb is supplied to reset terminals. In this case, as 
shown in Fig. 19(c), when the first control pulse CTLa 

35 rises from a low level to a high level, the oscillation con- 
trol signal CTLc changes from a low level to a high level, 
and this state is maintained until the second control 
pulse CTLb rises, when it changes from the high level to 
the low level. 

40 [0073] The oscillation circuit 504 is constructed so 
that an oscillation frequency is substantially equal to 
fs(n) wherein n represents the order of the vibration 
mode of the vibrating plate 10. The oscillation circuit 
504 may be formed by, for example, a Coipitts oscillation 

45 circuit. 

[0074] Power supplied to the oscillation circuit 504 
is controlled by the oscillation control signal CTLc. The 
power supply is effected when the oscillation control sig- 
nal CTLc is at the higher level, and is stopped when the 

so oscillation control signal CTLc is at the lower level. 
Therefore, a waveform of the driving signal V, which is 
an output of the oscillation circuit 504, oscillates when 
the oscillation control signal CTLc is at a higher level, as 
shown in Fig. 19(d). 

55 [0075] While the intermediate date wheel 40 is 
rotated once a day as described above, the period 
thereof is limited, starting from twelve o'clock midnight. 
Therefore, the oscillation circuit 504 may sufficiently 
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oscillate only during the period. In the driving circuit 50 
of this embodiment, the power supply to the oscillation 
circuit 504 is controlled by the oscillation control signal 
CTLc to thereby completely stop the operation of the 
oscillation circuit 504 during a period in which there is 
no need for rotating the intermediate date wheel 40. 
Therefore, power consumption of the oscillation circuit 
504 can be reduced. 

A-7. Modifications of Piezoelectric Actuator 

[0076] In place of the piezoelectric actuator A1 hav- 
ing the construction as described above, it is possible to 
use the following variously modified piezoelectric actua- 
tors, and it is also possible to use a piezoelectric actua- 
tor formed as a combination of the modifications. 

A-7-1. First Modification 

[0077] While the projection 36 is provided on the 
vibrating plate 10 at a contacting part between the pro- 
jection 36 and the rotor 100 in the piezoelectric actuator 
A1 shown in the above-described embodiment, a cutout 
90 may be formed by cutting out a peak of a rectangular 
vibrating plate 1 0 on the side of the rotor 1 00 so that the 
cutout 90 is brought into abutment with the side surface 
of the rotor 1 00, as shown in Fig. 20. In this case, a sur- 
face state of the cutout 90 can be easily controlled in a 
manner similarto the above -described projection 36. By 
forming the cutout 90 in the shape of a curved surface, 
a good contact state can be maintained in a manner 
similar to the above-described piezoelectric actuator 
A1. 

A-7-2. Second Modification 

[0078] While the electrodes 33 are provided on the 
entire surfaces of the piezoelectric elements 30 and 31 
in the above -described embodiment, electrodes 33 may 
be disposed only near the longitudinal central parts of 
the piezoelectric elements 30 and 31 and may not be 
disposed on both ends, as shown in Fig. 21 . That is, the 
piezoelectric elements 30 and 31 may be constructed 
so as to have electrode sections having electrodes on 
the surfaces thereof, and non-electrode sections 
located on both ends of the electrode sections. This 
construction makes it possible to reduce the drive volt- 
age while maintaining the driving force to the rotor 100. 
This is because, when the vibrating plate 10 is vibrated 
with its natural vibration frequency, the both ends of the 
vibrating plate 10 are sufficiently greatly displaced by 
the vibration, and the displacement is not amplified even 
if a voltage is applied to the displaced portions so as to 
expand and contract the piezoelectric elements 30 and 
31 provided on the both ends. 

[0079] As shown in Fig. 22, the electrodes 33 may 
be disposed only on the widthwise (vertical direction in 
the figure) central part of the piezoelectric elements 30 



and 31 , and may not be disposed on the widthwise both 
ends (upper and lower sides in the figure). 

A-7-3. Third Modification 

5 

[0080] While the rectangular vibrating plate 10 is 
used in the above-described embodiment, a tapered 
vibrating plate 95 having a small thickness on the side of 
the rotor 100 may be used. When preparing the vibrat- 

10 ing plate 95 having such a shape, tapered piezoelectric 
elements and reinforcing plate may be stacked in a 
manner similar to the above-described vibrating plate 
1 0. The use of such a vibrating plate 95 amplifies the 
displacement of an end 96 of the vibrating plate 95 on 

15 the side of the rotor 1 00, whereby the rotor 100 can be 
driven at high speed. In addition, since the lengths in the 
widthwise direction that is the vertical direction of the 
figure are not uniform, the widthwise resonance of the 
vibrating plate 95 can be restricted, that is, the vibration 

20 in the widthwise direction, can be reduced. 

[0081] In addition, a vibrating plate 97 having a 
shape shown in Fig. 24 may be used. As shown in the 
figure, the vibrating plate 97 is, unlike the totally tapered 
vibrating plate 95, partially (in the figure, the side of the 

25 rotor 1 00) tapered. The use of the vibrating plate having 
such a shape makes it possible to drive the rotor 1 00 at 
high speed in a manner similar to the vibrating plate 95 
shown in Fig. 23, compared with the rectangular vibrat- 
ing plate 10. 

30 [0082] In addition, when a vibrating plate having a 
shape such that the thickness decreases toward the 
rotor 100 is used, the rotor 100 can be driven at high 
speed. For example, a vibrating plate 98 having a shape 
shown in Fig. 25 may be used. 

35 [0083] While the vibrating plates shown in Figs. 23 
to 25 are suitable for driving the rotor 1 00 at high speed, 
a vibrating plate 99 having the shape shown in Fig. 26 
may be used when the rotor is driven at low speed and 
high torque. As shown in the figure, the vibrating plate 

40 99 has a shape such that the width increases toward the 
rotor 100. In the vibrating plate 99, while displacement 
of an end 96 that is a contacting part between the end 
96 and the rotor 100 is reduced, compared with the rec- 
tangular vibrating plate 1 0, torque which tends to rotate 

45 the rotor 1 00 is increased, whereby a low-speed drive 
with high torque can be effected. 

[0084] When a vibrating plate having a shape other 
than the rectangular shape shown in Figs. 23 to 26 is 
used, the electrodes provided on the upper and lower 
so surfaces thereof may have a rectangular shape. For 
example, as shown in Fig. 27, when a rectangular elec- 
trode is formed on the vibrating plate 95, a high-speed 
drive with low drive voltage can be effected. 

55 A-7-4. Fourth Modification 

[0085] As shown in Fig. 28, a horn part (extended 
part) 1 1 0 extending toward the rotor 1 00 from the vibrat- 
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ing plate 10 may be provided. When providing such a 
horn part 110, the reinforcing plate 32 may be prepared 
in the shape including the horn section 1 1 0, as shown in 
the figure, and the piezoelectric elements 30 and 31 
may be stacked on the upper and lower sides of the 
reinforcing plate 32, respectively. When the vibrating 
plate 10 is vibrated in this construction, the vibrating 
plate 10 and the horn part 110 vibrate with amplitude 
shown by broken lines in Fig. 28. Therefore, the dis- 
placement of the tip of the horn part 110 abutting 
against the rotor 100 is amplified, whereby the driving 
force can be efficiently provided. The horn part 1 10 may 
have a shape shown in Fig. 30. 

A-7-5. Fifth Modification 

[0086] As shown in Fig. 31, the vibrating plate 10, 
the support member 1 1 and the rotor 100 may be dis- 
posed so that the end 38 of the support member 1 1 is 
located on a tangent to the projection 36 of the vibrating 
plate 10 and the rotor 100, i.e., on the line S perpendic- 
ular to the direction of a pressing force F from the pro- 
jection 36 to the rotor 100 in the initial vibration state. 
When the vibrating plate 10, the support plate 11, and 
the rotor 1 00 are disposed so as to achieve such a posi- 
tional relationship, the contact position and the angle 
between the rotor 100 and the projection 36 are not 
changed even if fine adjustment of the positions of the 
support member 11 and the vibrating plate 10 is 
effected around the end 38 secured by the screw 39 in 
order to adjust the pressing force and the like of the pro- 
jection 36 to the rotor 1 00, whereby the driving force can 
always be stably provided. In addition, variations in the 
contact angle between the vibrating plate and the rotor 
due to the shape, the position, the change with the pas- 
sage of time, and the like can be prevented. 

A-7-6. Sixth Modification 

[0087] As shown in Fig. 32, the longitudinal both 
ends of the vibrating plate 1 0 may be supported by two 
support members 1 1 . This can restrict the vibration of 
the vibrating plate 10 in the widthwise direction (vertical 
direction in the figure), that is, the vibration that prevents 
the vibration in the horizontal direction in the figure 
required for driving the rotor 100 can be restricted. In 
this case, if the end 37 of the support member 1 1 sub- 
stantially coincides with the position of an antinode of 
vibration of the support member 1 1 in accordance with 
the vibration of the vibrating plate 10, as shown in Fig. 
33, for example, if the length of the support member 1 1 
is set to be a quarter of the vibration wavelength of the 
support member 11, the prevention of the vibration in 
the horizontal direction in the figure that is a longitudinal 
direction of the vibration plate 10 is reduced, whereby 
efficiency is further improved. 

[0088] In addition, when supporting the vibrating 
plate 10 by the two support members 11 as shown in 



figure 34, the position of the node of the vibration of the 
vibrating plate 10 may be supported by one (the right 
side in the figure) of the two support members 1 1 , and 
an end of the vibrating plate 10 on the side of the rotor 
5 1 00 may be supported by the other one (the left side in 
the figure) of the support members 1 1 . Since one of the 
support members 1 1 supports the node of the vibration, 
this can reduce the loss of vibration energy, and the 
other one of the support members 1 1 can restrict the 
10 vibration in the widthwise direction near the contacting 
part between the support member 1 1 and the rotor 1 00. 

A-7-7. Seventh Modification 

75 [0089] While the support member 11 urges the 
vibration plate 10 toward the rotor 100 in the above- 
described embodiment, the vibrating plate 10 may be 
urged toward the rotor 100 by providing a spring mem- 
ber (elastic member) 180, as shown in Fig. 35. As 
20 shown in the figure, the support member 1 1 is mounted 
on the upper side of the vibrating plate 1 0, and one end 
of the spring member 180 is mounted on the lower side 
of the vibrating plate 10. The other end of the spring 
member 180 is supported by a pin 1 81 provided on the 
25 main plate 103 (see Fig. 1). This allows the vibrating 
plate 10 to be urged toward the rotor 100, upper side in 
the figure, whereby the projection 36 is brought into 
abutment with the side surface of the rotor 100. The 
spring member 180 is provided so as to urge the vibrat- 
30 ing plate 1 0 toward the rotor 1 00 in this way, the driving 
force can be stably transmitted in a manner similar to 
the piezoelectric actuator A1 in the above-described 
embodiment. 

[0090] When the support member 1 1 for supporting 
35 the vibrating plate 10 and the spring member 180 for 
urging the vibrating plate 10 toward the rotor 100 are 
provided in this way, the vibrating plate 10 may also be 
provided so as to be rotated around the position (for 
example, the position of the end 38 as shown in the fig- 
40 ure) within a quadrant formed by the line B and the line 
C, as shown in Fig. 36, in a manner similar to the above- 
described embodiment. Even if the rotor 1 00 tends to be 
rotated in the opposite direction due to the external 
force, this construction allows the vibrating plate 10 to 
45 return to the former position after it is rotated in accord- 
ance with the rotation of the rotor 1 00 in the opposite 
direction, and the rotor 1 00 returns to a normal direction 
in accordance with the return of the vibrating plate 10, 
as shown in Fig. 37, whereby the rotation of the rotor 
so 100 in the opposite direction can be restricted. 

[0091] Incidentally, when the support member 11 
and the spring member 1 80 are provided in this way, the 
vibrating plate 10 may also be formed in a tapered 
shape, as shown in Fig. 38, and the horn part (see Fig. 
55 28) may be provided. 

[0092] As shown in Fig. 39, an elastic support 
member 600 that is a combination of a support member 
for supporting the vibrating plate 10 and a spring mem- 
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berfor urging the vibrating plate 10 toward the rotor 100 
may be provided. As shown in the figure, the elastic 
support member 600 is an L-shaped member, and has 
a support portion 600a for supporting the vibrating plate 
10 and a spring portion 600b extending from the sup- 
port portion 600a while being bent thereat. The elastic 
support member 600 is supported by a screw 39 at a 
portion that is an intermediate part between the support 
portion 600a and the spring portion 600b, and an end of 
the spring portion 600b is supported by the pin 181, 
whereby the vibrating plate 1 0 is urged toward the rotor 
1 00. This brings the projection 36 into abutment with the 
outer peripheral surface of the rotor 100. In addition, 
slight rotation of the elastic support member 600 around 
the screw 39 is allowed, whereby the rotation of the 
rotor 1 00 in the opposite direction can be restricted in a 
manner similar to the piezoelectric actuator A1 . 

A-7-8. Eighth Modification 

[0093] While the vibrating plate has a structure in 
which the piezoelectric elements 30 and 31 are stacked 
on the upper and lower sides of the reinforcing plate 32 
in the above -described embodiment, the vibrating plate 
may have a simple structure in which one piezoelectric 
element is stacked on a reinforcing plate. In addition, 
three or more piezoelectric elements may be stacked. 

A-8. Conductive Construction to Piezoelectric Actuator 

[0094] Next, a description will be given of a conduc- 
tive construction for supplying a drive voltage from the 
driving circuit 500 to the piezoelectric elements in the 
piezoelectric actuators of the above-described various 
modifications. Power can be usually supplied to the pie- 
zoelectric elements by wiring the electrodes 33 pro- 
vided on the vibrating plate 10 from the driving circuit 
500. For the purpose of simplifying the conductive con- 
struction, however, power may be supplied to the piezo- 
electric elements by various conductive constructions 
as shown in Figs. 40 to 45. 

[0095] While the vibrating plate 10 has a structure 
in which the piezoelectric elements 30 and 31 are 
stacked on the upper and lower sides of the reinforcing 
plate 32 in the above-described piezoelectric actuator 
A1, a piezoelectric actuator shown in Fig. 40 has a 
structure in which reinforcing plates 32 are stacked on 
the upper and lower sides of one piezoelectric element 
251 . The reinforcing plate 32 of the upper layer is sup- 
ported by a support member 1 1 a, the reinforcing plate 
32 of the lower layer is supported by a support member 
1 1 b, and the reinforcing plates 32, the support members 
1 1 a and 1 1 b are formed of conductive materials. In this 
construction, the drive voltage from the driving circuit 
500 is supplied to the piezoelectric element 251 via the 
support members 11a and 11b and the reinforcing 
plates 32. This allows the support members 11a and 
11b to serve the conducting function of supplying the 



'5 079 A1 30 

drive voltage to the piezoelectric element 251, in addi- 
tion to the function of supporting the vibrating plate 10 
while urging toward the rotor 100. Therefore, the need 
to separately provide a conductive construction, such 
5 as wiring, for supplying the drive voltage to the piezoe- 
lectric element 251 is eliminated, whereby the construc- 
tion is simplified. In addition, when another conductive 
component is provided, the conductive component may 
prevent the vibration of the vibrating plate 10. This con- 
to ductive construction, however, does not encounter such 
a problem, and the driving force can be efficiently trans- 
mitted. 

[0096] In addition, as shown in Figs. 41 and 42, 
when a vibrating plate 10 in which piezoelectric ele- 
15 ments 30 and 31 are stacked on the upper and lower 
sides of a reinforcing plate 32 is used, the drive voltage 
may be supplied from the driving circuit 500 to the pie- 
zoelectric elements 30 and 31 via support members 11c 
and 1 1 d formed of a conductive material. 
20 [0097] As shown in Figs. 41 and 42, the support 
member 1 1c is formed in the shape to branch into two 
on the side of the vibrating plate 10, and has an upper 
end 260 branched to the upper side (near side of the 
plane of Fig. 41) and a lower end 261 branched to the 
25 lower side (far side of the plane of the figure). The upper 
end 260 is attached by solder or a conductive bonding 
agent to an electrode 33 formed on the surface of the 
piezoelectric element 30, and the lower end 261 is 
attached by solder or a conductive bonding agent to an 
30 electrode 33 formed on the surface of the piezoelectric 
element 31. On the other hand, the support member 
1 1d is attached to the reinforcing plate 32, whereby the 
drive voltage is supplied from the driving circuit 500 to 
the piezoelectric elements 30 and 31. In this case, the 
35 support members 11c and lid also serve the function 
of supporting the vibrating plate 10 and serve the con- 
ducting function to the piezoelectric elements 30 and 
31, as described above, whereby the construction is 
simplified, and the driving force can be efficiently trans- 
40 mitted. 

[0098] While the drive voltage may be supplied from 
the driving circuit to the piezoelectric elements via the 
support members formed of the conductive material as 
described above, the drive voltage may be supplied to 
45 the piezoelectric elements by a conductive construction 
shown in Fig. 43. As shown in the figure, in the conduc- 
tive construction, the upper and lower surfaces (elec- 
trodes 33) of the vibrating plate 10 are clamped by a C- 
shaped elastic conductive member 280, and wiring is 
50 connected from the reinforcing plate 32 to the driving 
circuit 500. If such an elastic conductive member 280 is 
used, the drive voltage can be supplied from the driving 
circuit 500 to the piezoelectric elements 30 and 31 that 
are stacked on the upper and lower sides even with a 
55 simple construction. 

[0099] As shown in Figs. 44 and 45, a wire 290 may 
be wound around the vibrating plate 1 0 so that the drive 
voltage is supplied to the piezoelectric elements 30 and 
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31 via the wound wire 290. This can also supply the 
drive voltage to the piezoelectric elements 30 and 31 
with a simple conductive construction. When the volt- 
age is supplied via the elastic conductive member 280 
or the wire 290 as described above, the stacked struc- 
ture of the vibrating plate 1 0 may be either a structure in 
which electrodes are arranged on upper and lower sur- 
faces or a structure in which the reinforcing plates 
formed of conductors are formed on the upper and 
lower surfaces. In addition to the vibrating plate having 
the stacked structure of the piezoelectric elements and 
the reinforcing plates, the above-described elastic con- 
ductive member 280 or the wire 290 can be used when 
the voltage is supplied to the piezoelectric elements. 

B. Second Embodiment 

[0100] Next, a description will be given of a piezoe- 
lectric actuator according to the second embodiment of 
the present invention. In the second embodiment, com- 
ponents common to those of the first embodiment are 
indicated by the same reference numerals, and a 
description thereof will be omitted. 
[0101] As shown in Fig. 46, the piezoelectric actua- 
tor according to the second embodiment includes a 
vibrating plate 310 in place of the vibrating plate 10 of 
the piezoelectric actuator A1 according to the first 
embodiment. 

[0102] As shown in Fig. 47, the vibrating plate 310 
has a structure in which piezoelectric elements 30 and 
31 are stacked on upper and lower sides of a reinforcing 
plate 32 in a manner similar to the vibrating plate 10 in 
the first embodiment. However, as shown in Fig. 48, the 
vibrating plate 310 differs from the vibrating plate 10 in 
that electrodes 33a, 33b, 33c, and 33d are arranged on 
the piezoelectric elements 30 and 31 . In addition, in the 
vibrating plate 310, the piezoelectric element 30 (also 
the piezoelectric element 31 although it is not shown in 
fig. 48) is divided into four regions, and the electrodes 
33a, 33b, 33c, and 33d are arranged on the divided 
regions, respectively. 

[0103] A description will be given of a conductive 
construction for supplying the drive voltage to the elec- 
trodes 33a, 33b, 33c, and 33d arranged on the four 
regions of the piezoelectric element 30 with reference to 
Fig. 49. As shown in the figure, by switching ON/OFF of 
a switch (selection unit) 341, a mode for supplying the 
drive voltage from a power source 340 to all of the elec- 
trodes 33a, 33b, 33c, and 33d, and a mode for supply- 
ing the drive voltage from the power source 340 to the 
electrodes 33a and 33d can be switched. 
[0104] When the switch 341 is turned on, and the 
mode for supplying the drive voltage to all of the elec- 
trodes 33a, 33b, 33c, and 33d is selected, the vibrating 
plate 310 expands and contacts in the longitudinal 
direction to cause a longitudinal vibration in a manner 
similar to the above-described first embodiment (herein- 
after, referred to as a longitudinal vibration mode), as 



shown in Fig. 50(a). On the other hand, when the switch 
341 is turned off, and the mode for supplying the drive 
voltage only to the electrodes 33a and 33d is selected, 
the piezoelectric elements 33a and 33d only in the 

5 regions to which the drive voltage is applied expand and 
contract, and the vibrating plate 310 causes a bending 
vibration in the width wise direction (vertical direction in 
the figure) within a plane to which the vibrating plate 31 0 
belongs (hereinafter, referred to as a bending vibration 

10 mode), as shown in Fig. 50(b). By switching the switch 
341 in this way, the vibration mode of the vibration plate 
310 can be selected. 

[0105] In the piezoelectric actuator according to the 
second embodiment, the rotor 100 is driven using the 

15 vibrating plate 310 that can switch the two vibration 
modes as described above, and the driving direction of 
the rotor 100 can be switched by operating the switch 
341 to switch the vibration modes. When the longitudi- 
nal vibration mode is selected, a leftward driving force in 

20 the figure is provided by the longitudinal vibration of the 
vibrating plate 310 from the abutting part between the 
rotor 100 and the projection 36, as shown in Fig. 51, 
whereby the rotor 1 00 is rotated in a clockwise direction 
in the figure. 

25 [0106] On the other hand, when the bending vibra- 
tion mode is selected, an upward driving force in the fig- 
ure is provided by the bending vibration of the vibrating 
plate 310 from the abutting part between the rotor 100 
and the projection 36, as shown in Fig. 52, whereby the 

30 rotor 100 is rotated in a counterclockwise direction in 
the figure. 

[01 07] In the piezoelectric actuator according to the 
second embodiment, the rotor 1 00 can be driven in a 
normal direction and an opposite direction by switching 
35 the switch 341 . Since the driving direction is switched by 
switching the vibration modes of the vibrating plate 310 
as described above, there is no need to provide a vibrat- 
ing plate for each driving direction, and to provide an 
adjustment mechanism for adjusting the positional rela- 
40 tionship between the vibrating plate and the rotor that is 
an object to be driven. Therefore, the driving direction 
can be switched between the normal direction and the 
opposite direction without complicating the construction 
and increasing the size of the device. 
45 [01 08] In the piezoelectric actuator according to the 
second embodiment, various modifications can be 
made in a manner similar to the above-described first 
embodiment. For example, a cutout may be provided in 
the vibrating plate 31 0 in place of the projection 36 (see 
so Fig. 20). In addition, the end 38 of the support member 
1 1 may be located on a tangent to the projection 36 of 
the vibrating plate 31 0 and the rotor 1 00 so that the con- 
tact state between the projection 36 and the rotor 100 is 
stabilized (see Fig. 31). Furthermore, a spring member 
55 may be provided in addition to the support member 1 1 
so that the vibrating plate 310 is urged toward the rotor 
1 00 by the spring member (see Fig. 35). 
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C. Third Embodiment 

[0109] Next, a description will be given of a piezoe- 
lectric actuator according to the third embodiment of the 
present invention. In the third embodiment, components 
common to those of the first and second embodiments 
are indicated by the same reference numerals, and a 
description thereof will be omitted. 
[01 1 0] While the vibrating plate is urged toward the 
rotor 1 00 by an urging force of the spring member orthe 
support member in the above-described first and sec- 
ond embodiments, the rotor 100 is urged toward the 
vibrating plate in the third embodiment. A description 
will be given of this construction with reference to Fig. 
53. As shown in the figure, in this embodiment, a rotat- 
ing shaft 100j of the rotor 100 is supported on one end 
of an elastic rotating member 550, and the rotating shaft 
100j is rotatable around a rotating shaft 550a of the 
elastic rotating member 550. The elastic rotating mem- 
ber 550 is composed of a rotating portion 550b of which 
one end supports the rotating shaft 1O0j and the other 
end is rotationally supported around the rotating shaft 
550a, and a spring portion 550c extending from the side 
of the rotating shaft 550a of the rotating portion 550b 
while being bent thereat. The side surface of the spring 
portion 550c is supported by a raised pin 551, whereby 
the rotating portion 550b is urged to rotate in a clock- 
wise direction in the figure. That is, the rotating shaft 
100j of the rotor 100 is urged rightward in the figure. 
[0111] On the other hand, the vibrating plate 10 is, 
unlike the first embodiment, supported by support mem- 
bers 552 formed of a rigid body at widthwise both ends 
thereof. The support members 552 support the vibrating 
plate 1 0 at the position of a node of vibration when the 
vibrating plate 1 0 vibrates, and the position of the vibrat- 
ing plate 10 and mounting portions 553 of the support 
members 552 are fixed. By fixing the vibrating plate at 
the position of the node of vibration, the vibration of the 
vibrating plate 10 can be stabilized. Even if the vibrating 
plate 10 is fixedly supported, since the rotor 100 is 
urged toward the vibrating plate 10, sufficient friction is 
produced between the outer peripheral surface of the 
rotor 100 and the projection 36, whereby the driving 
force can be transmitted therebetween with higher effi- 
ciency. 

[0112] When the piezoelectric actuator has a gear 
mechanism and the like for increasing or decreasing a 
speed, such as a first gear 555 that is coaxial with the 
rotor 100, i.e., rotated together with the rotor 100 using 
the rotating shaft 1 0Oj as a rotating shaft, and a second 
gear 556 meshed with the first gear 555, it is preferable 
that components be arranged so that the rotating shaft 
550a of the elastic rotating member 550, the rotating 
shaft 1 00], and a rotating shaft 556a of the second gear 
556 are arranged substantially on the straight line L, as 
shown in the figure, and that the vibrating plate 10 is 
arranged so that the projection 36 is located in the direc- 
tion perpendicular to the line L from the rotating shaft 
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100j of the rotor 100. This is because, by arranging the 
components in this way, even if the elastic rotating 
member 550 is rotated due to variations during mount- 
ing, variations in size, and the wear of the contact part, 
the contact angle between the rotor 1 00 and the projec- 
tion 36 does not change very much, whereby a good 
contact state can be maintained. In addition, when the 
first gear 555 is rotated, the positional relationship 
between the first gear 555 and the second gear 556 
does not change very much, whereby the driving force 
can be stably transmitted. 

[0113] In the above-described construction, when a 
load applied to the second gear 556 is increased, that 
is, when a force which tends to rotate the second gear 
556 in a direction opposite to a driving direction that is a 
counterclockwise direction in the figure is increased, a 
force which tends to rotate the first gear 555 and the 
rotor 100 in a clockwise direction is also increased. That 
is, a force received by the first gear 555 on the right side 
in the figure at a meshed portion with the second gear 
556 is increased. In accordance with the increase, a 
force which tends to rotate the elastic rotating member 
550 for supporting the rotating shaft 1 0Oj in a clockwise 
direction in the figure is increased, whereby the force of 
the outer peripheral surface of the rotor 100 pressing 
against the projection 36 is increased. When the force 
of the outer peripheral surface of the rotor 100 pressing 
against the projection 36 is increased in this way, the 
friction between the rotor 1 00 and the projection 36 is 
increased, and a torque that can be transmitted from the 
vibrating plate 10 to the rotor 100 is increased. In this 
way, in this piezoelectric actuator, the torque can be 
increased as the load increases. Conversely, when the 
load is decreased, the friction between the outer periph- 
eral surface of the rotor 100 and the projection 36 is 
decreased, but the decrease in the friction makes it pos- 
sible to drive the rotor 100 with a low power. Therefore, 
in the piezoelectric actuator according to the third 
embodiment, the maximum torque can be improved 
although it can be operated with a low power consump- 
tion during the low-loaded state. 

[01 1 4] While the rotating shaft 1 0Oj of the rotor 1 00 
is movable, and the elastic rotating member 550 urges 
the rotor 100 toward the vibrating plate 100 in the third 
embodiment, the rotor 100 may be formed of an elastic 
body so that the outer peripheral surface of the rotor 
100 is pressed toward the vibrating plate 10 by an elas- 
tic force of the rotor 100, as shown in Fig. 54. In this 
case, if the position of the rotating shaft 1 0Oj of the rotor 
100 is fixed to a position such that the rotor 100 that 
does not receive the external force, that is, the rotor 1 00 
that is not elastically deformed, is arranged where the 
outer peripheral surface shown by the two-dot chain line 
in the figure crosses the projection 36 each other, the 
outer peripheral surface of the rotor 100 and the projec- 
tion 36 are pressed into contact with each other by the 
elastic force of the rotor 1 00 which tends to return to the 
former shape, whereby sufficient friction is produced 
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between the outer peripheral surface of the rotor 100 
and the projection 36, and the driving force can be effi- 
ciently transmitted. As such an elastic rotor 100, a 
metallic member can be used as long as it has hollow 
sections, as shown in the figure. 

[0115] In addition to the above-described vibrating 
plate 10, vibrating plates in various forms may be used 
in the third embodiment in a manner similar to the first 
embodiment, and a vibrating plate that is able to select 
between the longitudinal vibration mode and the bend- 
ing vibration mode like the vibrating plate 310 shown in 
the second embodiment may be used. 

D. Fourth Embodiment 

[0116] Next, a description will be given of a piezoe- 
lectric actuator according to the fourth embodiment of 
the present invention. In the fourth embodiment, com- 
ponents common to those of the first to third embodi- 
ments are indicated by the same reference numerals, 
and a description thereof will be omitted. 
[0117] As shown in Fig. 55 & 56, the piezoelectric 
actuator according to the fourth embodiment has a 
structure in which one end of the vibrating plate 10 is 
overlapped on the surface of a disk-like rotor 100. As 
shown in Fig. 56, the vibrating plate 10 is inclined with 
respect to the plane of the rotor 1 00, and a projection 
700 projected from the vibrating plate 10 toward the 
plane of the rotor 1 00 abuts against the plane of the 
rotor 1 00 from an oblique direction. 
[0118] In this construction, when a voltage is 
applied to a piezoelectric element of the vibrating plate 
10 from a driving circuit (not shown), the vibrating plate 
10 causes a longitudinal vibration in the direction shown 
by the arrow in the figure. When the vibrating plate 10 
vibrates in such a manner as to extend toward the 
center of the rotor 100 during the longitudinal vibration, 
the one end 700 is displaced while it is in contact with 
the plane of the rotor 1 00, whereby the rotor 1 00 is rota- 
tionally driven in a clockwise direction shown by the 
arrow in Fig. 55. 

[0119] The vibrating plate 10 may be provided not 
only on the front surface of the rotor 1 00 but also on the 
back surface of the rotor 100. In addition, as shown in 
Fig. 57, a projection 710 projected downward from the 
projection 700 may be provided instead of inclining the 
vibrating plate 10 with respect to the rotor 1 00, and the 
projection 71 0 may be brought into abutment with the 
plane of the rotor 100. 

[0120] In addition to the above -described vibrating 
plate 1 0, vibrating plates in various forms may be used 
in the fourth embodiment in a manner similar to the first 
embodiment. 

[0121] Furthermore, a vibrating plate that is able to 
select the longitudinal vibration mode and the bending 
vibration mode may be used so as to switch the driving 
direction of an object to be driven. In this case, a vibrat- 
ing plate 580, which vibrates in a manner similar to the 



above vibrating plate to drive the rotor 100 in the longi- 
tudinal vibration mode, and causes a bending vibration 
in an out-of-plane direction shown in Fig. 58 in the bend- 
ing vibration mode may be provided, and in the bending 
5 vibration mode, the rotor 100 may be driven rightward in 
the figure that is a direction opposite to the direction in 
the longitudinal vibration mode. 

[0122] When switching the longitudinal vibration 
mode and the bending vibration mode in this way, a driv- 
w ing circuit shown in Fig. 59 may be constructed. When 
switches 581 are switched between the longitudinal 
vibration mode and the bending vibration mode as 
shown in the figure, two stacked piezoelectric elements 
30 and 31 vibrate in the same phase in the longitudinal 
15 vibration mode, whereby the vibrating plate can be 
allowed to cause a longitudinal vibration in an in -plane 
direction, and the piezoelectric elements 30 and 31 
vibrate in the opposite phase in the bending vibration 
mode, whereby the vibrating plate can be allowed to 
20 cause a bending vibration in an out-of-p!ane direction. 
The arrows in the figure indicate a direction of polariza- 
tion. 

E. Modifications 

25 

[0123] While the piezoelectric actuator rotationally 
drives the disk-like rotor in the above-described various 
embodiments, an object to be driven is not limited 
thereto. For example, the above-described vibrating 
30 plate 10 may be brought into abutment with a driving 
member 660 that is substantially shaped like a rectan- 
gular parallelepiped so as to drive the member 660 
shaped like a rectangular parallelepiped in the longitudi- 
nal direction thereof as shown in figure 60. 
35 [0124] The piezoelectric actuator according to the 
above-described various embodiments can be used by 
being incorporated in a portable device other than a 
timepiece that is driven by a battery, in addition to being 
incorporated in the above-described calendar display 
40 mechanism of a timepiece. 

[0125] While a plate-like member is used as the 
reinforcing plate 32 in the above-described various 
embodiments, a metallic film formed by sputtering and 
the like may be used as a reinforcing portion stacked on 
45 the piezoelectric element, and any method may be 
adopted to form the metallic film. 

Claims 

so 1 . A piezoelectric actuator comprising: 
a base frame; 

a vibrating plate in which a longitudinal plate- 
like piezoelectric element and a reinforcing por- 
55 tion are stacked; and 

a support member, which is an elastic member, 
having a fixing portion fixed to the base frame 
and a mounting portion mounted on the vibrat- 
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ing plate, and which provides an elastic force to 
the vibrating plate so that a longitudinal end of 
the vibrating plate abuts against an object to be 
driven; 

wherein, when the piezoelectric element 
vibrates in the longitudinal direction of the 
vibrating plate, the vibrating plate is vibrated by 
the vibration, and the object to be driven is 
driven in one direction in accordance with the 
displacement of the vibrating plate due to the 
vibration. 



2. A piezoelectric actuator as claimed in Claim 1, 
wherein the vibrating plate is movably supported by 
the support member within a plane to which the 75 
vibrating plate belongs. 

3. A piezoelectric actuator comprising: 



plate is moved in the opposite direction. 

7. A piezoelectric actuator as claimed in any one of 
Claims 1 to 6, wherein the end of the vibrating plate 

5 abutting against the object to be driven has a pro- 

jection, and the projection abuts against the object 
to be driven. 

8. A piezoelectric actuator as claimed in any one of 
io Claims 1 to 6, wherein one peak of the vibrating 

plate is cut out in a rectangular shape, and the cut 
out portion of the vibrating plate abuts against the 
object to be driven. 



a base frame; 

a vibrating plate in which a longitudinal plate- 
like piezoelectric element and a reinforcing por- 
tion are stacked; 

a support member having a fixing portion fixed 
to the base frame and a mounting portion 
mounted on the vibrating plate, and supporting 
the vibrating plate on the base frame; and 
an elastic member for providing an elastic force 
to the vibrating plate so that the longitudinal 
end of the vibrating plate abuts against an 
object to be driven; 

wherein, when the piezoelectric element 
vibrates in the longitudinal direction of the 
vibrating plate, the vibrating plate is vibrated by 
the vibration, and the object to be driven is 
driven in one direction in accordance with the 
displacement of the vibrating plate due to the 
vibration. 
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9. A piezoelectric actuator as claimed in any one of 
Claims 1 to 8, wherein the vibrating plate includes a 
portion having a shape such that the thickness 
thereof decreases from the other end toward the 
end abutting against the object to be driven. 

10. A piezoelectric actuator as claimed in any one of 
Claims 1 to 8, wherein the vibrating plate includes a 
portion having a shape such that the thickness 
thereof increases from the other end toward the 
end abutting against the object to be driven. 

11. A piezoelectric actuator as claimed in any one of 
Claims 1 to 8, wherein the reinforcing portion 
includes an extended part having a thickness 
smaller than that of the central part of the vibrating 
plate from the piezoelectric element toward the 
object to be driven, and extending toward the object 
to be driven to abut against the object to be driven. 

12. A piezoelectric actuator as claimed in any one of 
Claims 1 to 11, wherein the fixing portion of the 
support member is located in line with a driving 
direction of the object to be driven. 



4. A piezoelectric actuator as claimed in Claim 3, 40 
wherein the vibrating plate is rotationally supported 

by the support member and the elastic member 
within a plane to which the vibrating plate belongs. 

5. A piezoelectric actuator as claimed in Claim 2 or 45 
Claim 4, wherein, the vibrating plate is supported in 
such a manner that a force for pressing the object to 

be driven is increased when a force which tends to 
move the vibrating plate in the direction opposite to 
the direction in which the object to be driven is so 
driven, is applied to the vibrating plate. 

6. A piezoelectric actuator as claimed in Claim 2 or 
Claim 4, wherein the vibrating plate is supported in 
such a manner that, when a force which tends to 55 
move the vibrating plate in the direction opposite to 
the direction in which the object to be driven is 
driven, is applied to the vibrating plate, the vibrating 



13. A piezoelectric actuator as claimed in any one of 
Claims 1 to 12, wherein a longitudinal vibration in 
which the vibrating plate expands and contacts in 
the longitudinal direction is generated by the vibra- 
tion of the piezoelectric element, and a bending 
vibration in which the vibrating plate vibrates in the 
widthwise direction perpendicular to the longitudi- 
nal direction is generated by a reaction force 
received by the vibrating plate from the object to be 
driven due to the longitudinal vibration. 

14. A piezoelectric actuator as claimed in Claim 13, 
wherein the resonance frequencies of the longitudi- 
nal vibration and the bending vibration generated in 
the vibrating plate substantially coincide with each 
other. 

15. A piezoelectric actuator as claimed in Claim 13, 
wherein the resonance frequency of the bending 
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vibration generated in the vibrating plate is higher 
than the resonance frequency of the longitudinal 
vibration generated in the vibrating plate. 

16. A piezoelectric actuator as claimed in Claim 15, 
wherein the exciting frequency for driving the piezo- 
electric element is a frequency between the reso- 
nance frequency of the longitudinal vibration 
generated in the vibrating plate and the resonance 
frequency of the bending vibration generated in the 
vibrating plate. 

17. A piezoelectric actuator as claimed in any one of 
Claims 1 to 12, wherein a longitudinal vibration in 
which the vibrating plate expands and contacts in 
the longitudinal direction is generated by the vibra- 
tion of the piezoelectric element, and the end of the 
vibrating plate abutting against the object to be 
driven is elastically deformed in the widthwise 
direction perpendicular to the longitudinal direction 
by a reaction force received by the vibrating plate 
from the object to be driven due to the longitudinal 
vibration. 

18. A piezoelectric actuator comprising: 
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a base frame; 

a vibrating plate in which a longitudinal plate- 
like piezoelectric element and a reinforcing por- 
tion are stacked; so 
a rotor having front and back surfaces, and 
rotationally supported on the base frame in the 
direction perpendicular to the front and back 
surfaces as the direction of a rotation axis; and 
a support member, which is an elastic member, 35 
having a fixing portion fixed to the base frame 
and a mounting portion mounted on the vibrat- 
ing plate, and which provides an elastic force to 
the vibrating plate so that a longitudinal end of 
the vibrating plate abuts against the front sur- 40 
face or the back surface of the rotor; 
wherein, when the piezoelectric element 
vibrates in the longitudinal direction of the 
vibrating plate, the vibrating plate is vibrated by 
the vibration, and the rotor is driven in one 45 
direction in accordance with the displacement 
of the vibrating plate due to the vibration. 



19. A piezoelectric actuator as claimed in Claim 18, 
wherein the vibrating plate is movably supported by 
the support member within a plane to which the 
vibrating plate belongs. 

20. A piezoelectric actuator comprising: 

a base frame; 

a vibrating plate in which a longitudinal plate- 
like piezoelectric element and a reinforcing por- 
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tion are stacked; 

a rotor having front and back surfaces, and 
rotationally supported on the base frame in the 
direction perpendicular to the front and back 
surfaces as the direction of a rotation axis; 
a support member having a fixing portion fixed 
to the base frame and a mounting portion 
mounted on the vibrating plate, and supporting 
the vibrating plate on the base frame; and 
an elastic member for providing an elastic force 
to the vibrating plate so that the longitudinal 
end of the vibrating plate abuts against the 
front surface or the back surface of the rotor; 
wherein, when the piezoelectric element 
vibrates in the longitudinal direction of the 
vibrating plate, the vibrating plate is vibrated by 
the vibration, and the rotor is driven in one 
direction in accordance with the displacement 
of the vibrating plate due to the vibration. 

21. A piezoelectric actuator as claimed in Claim 20, 
wherein the vibrating plate is rotationally supported 
by the support member and the elastic member 
within a plane to which the vibrating plate belongs. 

22. A piezoelectric actuator comprising: 

a base frame; 

a vibrating plate in which a longitudinal plate- 
like piezoelectric element and a reinforcing por- 
tion are stacked; 

a rotor having an outer peripheral surface, and 
rotationally supported on the base frame; and 
a support member, which is an elastic member, 
having a fixing portion fixed to the base frame 
and a mounting portion mounted on the vibrat- 
ing plate, and which provides an elastic force to 
the vibrating plate so that a longitudinal end of 
the vibrating plate abuts against the outer 
peripheral surface of the rotor; 
wherein, when the piezoelectric element 
vibrates in the longitudinal direction of the 
vibrating plate, the vibrating plate is vibrated by 
the vibration, and the rotor is driven in one 
direction in accordance with the displacement 
of the vibrating plate due to the vibration. 

23. A piezoelectric actuator as claimed in Claim 22, 
wherein the vibrating plate is movably supported by 
the support member within a plane to which the 
vibrating plate belongs. 

24. A piezoelectric actuator comprising: 

a base frame; 

a vibrating plate in which a longitudinal plate- 
like piezoelectric element and a reinforcing por- 
tion are stacked; 
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a rotor having an outer peripheral surface, and 
rotationaliy supported on the base frame; 
a support member having a fixing portion fixed 
to the base frame and a mounting portion 
mounted on the vibrating plate, and supporting s 
the vibrating plate on the base frame; and 
an elastic member for providing an elastic force 
to the vibrating plate so that the longitudinal 
end of the vibrating plate abuts against the 
outer peripheral surface of the rotor; 10 
wherein, when the piezoelectric element 
vibrates in the longitudinal direction of the 
vibrating plate, the vibrating plate is vibrated by 
the vibration, and the rotor is driven in one 
direction in accordance with the displacement 15 
of the vibrating plate due to the vibration. 

25. A piezoelectric actuator as claimed in Claim 24, 
wherein the vibrating plate is rotationaliy supported 

by the support member and the elastic member 20 
within a plane to which the vibrating plate belongs. 

26. A piezoelectric actuator comprising: 

a base frame; 25 
a vibrating plate in which a longitudinal plate- 
like piezoelectric element and a reinforcing por- 
tion are stacked; 

a rotor having an outer peripheral surface, rota- 
tionaliy supported on the base frame, a rotating 30 
shaft thereof being movable; 
a support member having a fixing portion fixed 
to the base frame and a mounting portion 
mounted on the vibrating plate, and supporting 
the vibrating plate on the base frame; and 35 
an elastic member for providing an elastic force 
to the rotor so that the outer peripheral surface 
of the rotor abuts against the longitudinal end 
of the vibrating plate; 

wherein, when the piezoelectric element 40 
vibrates in the longitudinal direction of the 
vibrating plate, the vibrating plate is vibrated by 
the vibration, and the rotor is driven in one 
direction in accordance with the displacement 
of the vibrating plate due to the vibration. 45 

27. A piezoelectric actuator as claimed in Claim 26, fur- 
ther comprising: 

a rotating member for rotationaliy supporting so 
the rotating shaft of the rotor; 
a first gear sharing the rotating shaft with the 
rotor, and integrally rotated with the rotor; and 
a second gear meshing with the first gear; 
wherein the center of rotation of the rotating 55 
member and the rotating shafts of the rotor and 
the second gear are arranged substantially on 
one straight line; and 



the abutment position between the rotor and 
the vibrating plate is located in a direction per- 
pendicular to the straight line from the rotating 
shaft of the rotor. 

28. A piezoelectric actuator as claimed in Claim 26 or 
Claim 27, wherein a force of the elastic member for 
pressing the rotor toward the end of the vibrating 
plate is increased with an increase in a rotation load 
of the rotor. 

29. A piezoelectric actuator comprising: 

a base frame; 

a vibrating plate in which a longitudinal plate- 
like piezoelectric element and a reinforcing por- 
tion are stacked; 

a rotor having an outer peripheral surface, and 
rotationaliy supported on the base frame; and 
a support member having a fixing portion fixed 
to the base frame and a mounting portion 
mounted on the vibrating plate, and supporting 
the vibrating plate on the base frame; 
wherein the rotor is formed of an elastic body 
arranged on a position where the outer periph- 
eral surface thereof abuts against the longitudi- 
nal end of the vibrating plate, and presses the 
outer peripheral surface against the end of the 
vibrating plate by the elastic force thereof; and 
wherein, when the piezoelectric element 
vibrates in the longitudinal direction of the 
vibrating plate, the vibrating plate is vibrated by 
the vibration, and the rotor is driven in one 
direction in accordance with the displacement 
of the vibrating plate due to the vibration. 

30. A piezoelectric actuator as claimed in any one of 
Claims 22 to 29, wherein a concave groove is 
formed in the outer peripheral surface of the rotor. 

31. A piezoelectric actuator as claimed in Claim 23 or 
Claim 25, wherein the vibrating plate is supported 
in such a manner that a force for pressing the object 
to be driven is increased when a force which tends 
to move the vibrating plate in the direction opposite 
to the direction in which the rotor is driven, is 
applied to the vibrating plate. 

32. A piezoelectric actuator as claimed in Claim 23 or 
Claim 25, wherein the vibrating plate is supported 
in such a manner that, when a force which tends to 
move the vibrating plate in the direction opposite to 
the direction in which the rotor is driven, is applied 
to the vibrating plate, the vibrating plate is moved in 
the opposite direction. 

33. A piezoelectric actuator as claimed in any one of 
Claims 18 to 32, wherein the end of the vibrating 
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plate abutting against the rotor has a projection, 
and the projection abuts against the rotor. 

34. A piezoelectric actuator as claimed in any one of 
Claims 18 to 32, wherein one peak of the vibrating 
plate is cut out in a rectangular shape, and the cut 
out portion of the vibrating plate abuts against the 
rotor. 

35. A piezoelectric actuator as claimed in any one of 
Claims 18 to 34, wherein the end of the vibrating 
plate abutting against the rotor is formed in the 
shape of a curved surface. 

36. A piezoelectric actuator as claimed in Claim 35, 
wherein the end of the vibrating plate abutting 
against the rotor is formed in the shape of a curved 
surface as viewed from the direction of the rotating 
shaft of the rotor. 

37. A piezoelectric actuator as claimed in Claim 35 or 
Claim 36, wherein the end of the vibrating plate 
abutting against the rotor is formed in the shape of 
a curved surface as viewed from the width wise 
direction of the vibrating plate. 

38. A piezoelectric actuator as claimed in any one of 
Claims 1 8 to 37, wherein the base frame has a sin- 
gle member for supporting both the rotor and the 
vibrating plate. 

39. A piezoelectric actuator as claimed in any one of 
Claims 18 to 38, wherein the vibrating plate 
includes a portion having a shape such that the 
thickness thereof decreases from the other end 
toward the end abutting against the rotor. 

40. A piezoelectric actuator as claimed in any one of 
Claims 18 to 38, wherein the vibrating plate 
includes a portion having a shape such that the 
thickness thereof increases from the other end 
toward the end abutting against the rotor. 

41. A piezoelectric actuator as claimed in any one of 
Claims 18 to 38, wherein the reinforcing portion 
includes an extended part having a thickness 
smaller than that of the central part of the vibrating 
plate from the piezoelectric element toward the 
rotor, and extending toward the rotor to abut against 
the rotor. 

42. A piezoelectric actuator as claimed in any one of 
Claims 18 to 41, wherein the fixing portion of the 
support member is located in line with a driving 
direction of the rotor. 

43. A piezoelectric actuator as claimed in any one of 
Claims 18 to 42, wherein a longitudinal vibration in 



which the vibrating plate expands and contacts in 
the longitudinal direction is generated by the vibra- 
tion of the piezoelectric element, and a bending 
vibration in which the vibrating plate vibrates in the 
5 widthwise direction perpendicular to the longitudi- 

nal direction is generated by a reaction force 
received by the vibrating plate from the rotor due to 
the longitudinal vibration. 

w 44. A piezoelectric actuator as claimed in Claim 43, 
wherein the resonance frequency of the bending 
vibration generated in the vibrating plate is higher 
than the resonance frequency of the longitudinal 
vibration generated in the vibrating plate. 

15 

45. A piezoelectric actuator as claimed in Claim 43, 
wherein the resonance frequency of the bending 
vibration generated in the vibrating plate is higher 
than the resonance frequency of the longitudinal 

20 vibration generated in the vibrating plate. 

46. A piezoelectric actuator as claimed in Claim 45, 
wherein the exciting frequency for driving the piezo- 
electric element is a frequency between the reso- 

25 nance frequency of the longitudinal vibration 
generated in the vibrating plate and the resonance 
frequency of the bending vibration generated in the 
vibrating plate. 

30 47. A piezoelectric actuator as claimed in any one of 
Claims 1 8 to 42, wherein a longitudinal vibration in 
which the vibrating plate expands and contacts in 
the longitudinal direction is generated by the vibra- 
tion of the piezoelectric element, and the end of the 

35 vibrating plate abutting against the rotor is elasti- 
cally deformed in the widthwise direction perpen- 
dicular to the longitudinal direction by a reaction 
force received by the vibrating plate from the rotor 
due to the longitudinal vibration. 

40 

48. A piezoelectric actuator according to any one of 
Claims T, 2, 3, 4, 5. 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 8, 1 9, 20, 
21 , 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 , 32, 33, 34, 
35, 36, 37, 38, 39, 40, 41, and 42, wherein the 

45 mounting portion of the support member is 
mounted to a plurality of sections in the longitudinal 
direction of the vibrating plate. 

49. A piezoelectric actuator as claimed in Claim 48, 
so wherein one of the mounting portions of the support 

member is mounted at a position of a node of vibra- 
tion of the vibrating plate. 

50. A piezoelectric actuator as claimed in Claims 48 or 
55 Claim 49, wherein the position of the mounting por- 
tion of the support member substantially coincides 
with the position of an antinode of vibration of the 
support member in accordance with the vibration of 
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the vibrating plate. 

51. A piezoelectric actuator as claimed in any one of 
Claims 1 to 47, wherein the mounting portion of the 
support member is mounted at a position of a node 
of vibration of the vibrating plate. 

52. A piezoelectric actuator as claimed in Claim 51, 
wherein the position of the mounting portion of the 
support member substantially coincides with the 
position of a node of vibration of the support mem- 
ber in accordance with the vibration of the vibrating 
plate. 

53. A piezoelectric actuator comprising: 

a base frame; 

a vibrating plate in which a longitudinal plate- 
like piezoelectric element and a reinforcing por- 
tion are stacked; 

a selection means for selecting either a longitu- 
dinal vibration for vibrating the vibrating plate in 
the longitudinal direction within a plane to 
which the vibrating plate belongs, or a bending 
vibration for vibrating the vibrating plate in the 
widthwise direction perpendicular to the longi- 
tudinal direction within the plane; and 
a support member, which is an elastic member, 
having a fixing portion fixed to the base frame 
and a mounting portion mounted on the vibrat- 
ing plate, and which provides an elastic force to 
the vibrating plate so that a longitudinal end of 
the vibrating plate abuts against an object to be 
driven; 

wherein, when the longitudinal vibration is 
selected by the selection means, the vibrating 
plate causes the longitudinal vibration, 
whereby the object to be driven is driven in one 
direction in accordance with the displacement 
of the vibrating plate due to the vibration, and 
wherein, when the bending vibration is 
selected by the selection means, the vibrating 
plate causes the bending vibration, whereby 
the object to be driven is driven in the direction 
opposite to the direction during the longitudinal 
vibration in accordance with the displacement 
of the vibrating plate due to the vibration. 

54. A piezoelectric actuator comprising: 

a base frame; 

a vibrating plate in which a longitudinal plate- 
like piezoelectric element and a reinforcing por- 
tion are stacked; 

a selection means for selecting either a longitu- 
dinal vibration for vibrating the vibrating plate in 
the longitudinal direction within a plane to 
which the vibrating plate belongs, or a bending 
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vibration for vibrating the vibrating plate in the 
widthwise direction perpendicular to the longi- 
tudinal direction within the plane; 
a support member having a fixing portion fixed 

5 to the base frame and mounting portion 

mounted on the vibrating plate, and supporting 
the vibrating plate on the base frame; and 
an elastic member for providing an elastic force 
to the vibrating plate so that a longitudinal end 

10 of the vibrating plate abuts against an object to 

be driven; 

wherein, when the longitudinal vibration is 
selected by the selection means, the vibrating 
plate causes the longitudinal vibration, 

15 whereby the object to be driven is driven in one 

direction in accordance with the displacement 
of the vibrating plate due to the vibration, and 
wherein, when the bending vibration is 
selected by the selection means, the vibrating 

20 plate causes the bending vibration, whereby 

the object to be driven is driven in the direction 
opposite to the direction during the longitudinal 
vibration in accordance with the displacement 
of the vibrating plate due to the vibration. 

25 

55. A piezoelectric actuator comprising: 
a base frame; 

a vibrating plate in which a longitudinal plate- 
30 like piezoelectric element and a reinforcing por- 

tion are stacked; 

a rotor having front and back surfaces, and 
rotationally supported on the base frame in the 
direction perpendicular to the front and back 
35 surfaces as the direction of a rotation axis; 

a selection means for selecting either a longitu- 
dinal vibration for vibrating the vibrating plate in 
the longitudinal direction within a plane to 
which the vibrating plate belongs, or a bending 

40 vibration for vibrating the vibrating plate in the 

out-of- plane direction; and 
a support member, which is an elastic member, 
having a fixing portion fixed to the base frame 
and a mounting portion mounted on the vibrat- 

45 ing plate, and which provides an elastic force to 

the vibrating plate so that a longitudinal end of 
the vibrating plate abuts against the front sur- 
face or the back surface of the rotor; 
wherein, when the longitudinal vibration is 

50 selected by the selection means, the vibrating 

plate causes the longitudinal vibration, 
whereby the rotor is rotationally driven in one 
direction in accordance with the displacement 
of the vibrating plate due to the vibration, and 

55 wherein, when the bending vibration is 

selected by the selection means, the vibrating 
plate causes the bending vibration, whereby 
the rotor is rotationally driven in the direction 
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opposite to the direction during the longitudinal 
vibration in accordance with the displacement 
of the vibrating plate due to the vibration. 

56. A piezoelectric actuator comprising: 5 
a base frame; 

a vibrating plate in which a longitudinal plate- 
like piezoelectric element and a reinforcing por- 
tion are stacked; 10 
a rotor having front and back surfaces, and 
rotationally supported on the base frame in the 
direction perpendicular to the front and back 
surfaces as the direction of a rotation axis; 
a selection means for selecting either a longitu- 15 
dinal vibration for vibrating the vibrating plate in 
the longitudinal direction within a plane to 
which the vibrating plate belongs, or a bending 
vibration for vibrating the vibrating plate in the 
out-of-plane direction; 20 
a support member having a fixing portion fixed 
to the base frame and a mounting portion 
mounted on the vibrating plate, and supporting 
the vibrating plate on the base frame; and 
an elastic member for providing an elastic force 25 
to the vibrating plate so that a longitudinal end 
of the vibrating plate abuts against the front 
surface or the back surface of the rotor; 
wherein, when the longitudinal vibration is 
selected by the selection means, the vibrating 30 
plate causes the longitudinal vibration, 
whereby the rotor is rotationally driven in one 
direction in accordance with the displacement 
of the vibrating plate due to the vibration, and 
wherein, when the bending vibration is 35 
selected by the selection means, the vibrating 
plate causes the bending vibration, whereby 
the rotor is rotationally driven in the direction 
opposite to the direction during the longitudinal 
vibration in accordance with the displacement 40 
of the vibrating plate due to the vibration. 

57. A piezoelectric actuator comprising: 

a base frame; 45 
a vibrating plate in which a longitudinal plate- 
like piezoelectric element and a reinforcing por- 
tion are stacked; 

a rotor having an outer peripheral surface, and 
rotationally supported on the base frame; 50 
a selection means for selecting either a longitu- 
dinal vibration for vibrating the vibrating plate in 
the longitudinal direction within a plane to 
which the vibrating plate belongs, or a bending 
vibration for vibrating the vibrating plate in the 55 
widthwise direction perpendicular to the longi- 
tudinal direction within the plane; and 
a support member, which is an elastic member 



having a fixing portion fixed to the base frame 
and a mounting portion mounted on the vibrat- 
ing plate, and which provides an elastic force to 
the vibrating plate so that a longitudinal end of 
the vibrating plate abuts against the outer 
peripheral surface of the rotor; 
wherein, when the longitudinal vibration is 
selected by the selection means, the vibrating 
plate causes the longitudinal vibration, 
whereby the rotor is rotationally driven in one 
direction in accordance with the displacement 
of the vibrating plate due to the vibration, and 
wherein, when the bending vibration is 
selected by the selection means, the vibrating 
plate causes the bending vibration, whereby 
the rotor is rotationally driven in the direction 
opposite to the direction during the longitudinal 
vibration in accordance with the displacement 
of the vibrating plate due to the vibration. 

I. A piezoelectric actuator comprising: 

a base frame; 

a vibrating plate in which a longitudinal plate- 
like piezoelectric element and a reinforcing por- 
tion are stacked; 

a rotor having an outer peripheral surface, and 
rotationally supported on the base frame; 
a selection means for selecting either a longitu- 
dinal vibration for vibrating the vibrating plate in 
the longitudinal direction within a plane to 
which the vibrating plate belongs, or a bending 
vibration for vibrating the vibrating plate in the 
widthwise direction perpendicular to the longi- 
tudinal direction within the plane; 
a support member having a fixing portion fixed 
to the base frame and a mounting portion 
mounted on the vibrating plate, and supporting 
the vibrating plate on the base frame; and 
an elastic member for providing an elastic force 
to the vibrating plate so that a longitudinal end 
of the vibrating plate abuts against the outer 
peripheral surface of the rotor; 
wherein, when the longitudinal vibration is 
selected by the selection means, the vibrating 
plate causes the longitudinal vibration, 
whereby the rotor is rotationally driven in one 
direction in accordance with the displacement 
of the vibrating plate due to the vibration, and 
wherein, when the bending vibration is 
selected by the selection means, the vibrating 
plate causes the bending vibration, whereby 
the rotor is rotationally driven in the direction 
opposite to the direction during the longitudinal 
vibration in accordance with the displacement 
of the vibrating plate due to the vibration. 

59. A piezoelectric actuator comprising: 
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a base frame; 

a vibrating plate in which a longitudinal plate- 
like piezoelectric element and a reinforcing por- 
tion are stacked; 

a rotor having an outer peripheral surface, rota- 5 
tionally supported on the base frame, a rotating 
shaft thereof being movable; 
a selection means for selecting either a longitu- 
dinal vibration for vibrating the vibrating plate in 
the longitudinal direction within a plane to io 
which the vibrating plate belongs, or a bending 
vibration for vibrating the vibrating plate in the 
widthwise direction perpendicular to the longi- 
tudinal direction within the plane; 
a support member having a fixing portion fixed 15 
to the base frame and a mounting portion 
mounted on the vibrating plate, and supporting 
the vibrating plate on the base frame; and 
an elastic member for providing an elastic force 
to the rotor so that the outer peripheral surface 20 
of the rotor abuts against a longitudinal end of 
the vibrating plate; 

wherein, when the longitudinal vibration is 
selected by the selection means, the vibrating 
plate causes the longitudinal vibration, 25 
whereby the rotor is rotationally driven in one 
direction in accordance with the displacement 
of the vibrating plate due to the vibration, and 
wherein, when the bending vibration is 
selected by the selection means, the vibrating 30 
plate causes the bending vibration, whereby 
the rotor is rotationally driven in the direction 
opposite to the direction during the longitudinal 
vibration in accordance with the displacement 
of the vibrating plate due to the vibration. 35 

60. A piezoelectric actuator as claimed in Claim 59, fur- 
ther comprising: 

a rotating member for rotationally supporting 40 
the rotating shaft of the rotor; 
a first gear sharing the rotating shaft with the 
rotor, and integrally rotated with the rotor; and 
a second gear meshing with the first gear; 
wherein the center of rotation of the rotating 45 
member and the rotating shafts of the rotor and 
the second gear are arranged substantially on 
one straight line; and 

the abutment position between the rotor and 
the vibrating plate is located in a direction per- so 
pendicular to the straight line from the rotating 
shaft of the rotor. 

61. A piezoelectric actuator as claimed in Claim 59 or 
Claim 60, wherein a force of the elastic member for 55 
pressing the rotor toward the end of the vibrating 
plate is increased with an increase in a rotation load 

of the rotor. 



62. A piezoelectric actuator comprising: 
a base frame; 

a vibrating plate in which a longitudinal plate- 
like piezoelectric element and a reinforcing por- 
tion are stacked; 

a rotor having an outer peripheral surface, and 
rotationally supported on the base frame; 
a selection means for selecting either a longitu- 
dinal vibration for vibrating the vibrating plate in 
the longitudinal direction within a plane to 
which the vibrating plate belongs, or a bending 
vibration for vibrating the vibrating plate in the 
widthwise direction perpendicular to the longi- 
tudinal direction within the plane; and 
a support member having a fixing portion fixed 
to the base frame and a mounting portion 
mounted on the vibrating plate, and supporting 
the vibrating plate on the base frame; 
wherein the rotor is formed of an elastic body 
arranged on the position where the outer 
peripheral surface thereof abuts against a lon- 
gitudinal end of the vibrating plate, and presses 
the outer peripheral surface against the end of 
the vibrating plate by the elastic force thereof; 
wherein, when the longitudinal vibration is 
selected by the selection means, the vibrating 
plate causes the longitudinal vibration, 
whereby the rotor is rotationally driven in one 
direction in accordance with the displacement 
of the vibrating plate due to the vibration, and 
wherein, when the bending vibration is 
selected by the selection means, the vibrating 
plate causes the bending vibration, whereby 
the rotor is rotationally driven in the direction 
opposite to the direction during the longitudinal 
vibration in accordance with the displacement 
of the vibrating plate due to the vibration. 

63. A piezoelectric actuator as claimed in any one of 
Claims 57 to 62, wherein a concave groove is 
formed in the outer peripheral surface of the rotor. 

64. A piezoelectric actuator as claimed in any one of 
Claims 55 to 63, wherein the end of the vibrating 
plate abutting against the rotor has a projection, 
and the projection abuts against the rotor. 

65. A piezoelectric actuator as claimed in any one of 
Claims 55 to 64, wherein one peak of the vibrating 
plate is cut out in a rectangular shape, and the cut 
out portion of the vibrating plate abuts against the 
rotor. 

66. A piezoelectric actuator as claimed in any one-of 
Claims 55 to 65, wherein the end of the vibrating 
plate abutting against the rotor is formed in the 
shape of a curved surface. 
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67. A piezoelectric actuator as claimed in Claim 66, 
wherein the end of the vibrating plate abutting 
against the rotor is formed in the shape of a curved 
surface as viewed from the direction of the rotating 
shaft of the rotor. 5 

68. A piezoelectric actuator as claimed in Claim 66 or 
Claim 67, wherein the end of the vibrating plate 
abutting against the rotor is formed in the shape of 

a curved surface as viewed from the widthwise 10 
direction of the vibrating plate. 

69. A piezoelectric actuator as claimed in any one of 
Claims 55 to 68, wherein the base frame has a sin- 
gle member for supporting both the rotor and the is 
vibrating plate. 

70. A piezoelectric actuator as claimed in Claim 53 or 
Claim 54, wherein the end of the vibrating plate 
abutting against the object to be driven has a pro- 20 
jection, and the projection abuts against the object 

to be driven. 

71. A piezoelectric actuator as claimed in Claim 53 or 
Claim 54, wherein one peak of the vibrating plate is 25 
cut out in a rectangular shape, and the cut out por- 
tion of the vibrating plate abuts against the object to 

be driven. 

72. A piezoelectric actuator as claimed in any one of 30 
Claims 1 to 71, wherein the reinforcing portion is 
formed thinner than the piezoelectric element. 

73. A piezoelectric actuator as claimed in any one of 
Claims 1 to 71 , wherein the piezoelectric element 35 
has an electrode section arranged on the surface 
thereof, and 

wherein a thickness of the electrode section is 0.5 
u.m or more, and is smaller than the thickness of the 
reinforcing portion. 40 

74. A piezoelectric actuator as claimed in any one of 
Claims 1 to 72, wherein the piezoelectric element 
has a first electrode section disposed on the longi- 
tudinal central part of the vibrating plate, and first 45 
no n -electrode sections having no electrode pro- 
vided thereon disposed on longitudinal both ends of 
the vibrating plate. 

75. A piezoelectric actuator as claimed in any one of so 
Claims 1 to 72, wherein the piezoelectric element 
has a second electrode section disposed on the 
widthwise central part of the vibrating plate, and 
second non-electrode sections having no electrode 
provided thereon disposed on widthwise both ends 55 
of the vibrating plate. 

76. A piezoelectric actuator as claimed in any one of 



Claims 1 to 75, wherein the vibrating plate has a 
plurality of the stacked piezoelectric elements, and 
wherein adjacent piezoelectric elements are polar- 
ized in the opposite directions. 

77. A piezoelectric actuator as claimed in any one of 
Claims 1 to 75, wherein the vibrating plate has a 
plurality of the stacked piezoelectric elements, and 
wherein adjacent piezoelectric elements are polar- 
ized in the same direction. 

78. A piezoelectric actuator as claimed in any one of 
Claims 1 to 77, wherein the reinforcing portion is a 
conductor, and is stacked on the upper and the 
lower sides of the piezoelectric element, respec- 
tively, and 

wherein power is supplied to the piezoelectric ele- 
ment via the reinforcing portions stacked on the 
upper and the lower sides of the piezoelectric ele- 
ment. 

79. A piezoelectric actuator as claimed in any one of 
Claims 1 to 78, wherein the support member is a 
conductor, and 

wherein power is supplied to the piezoelectric ele- 
ment via the support member. 

80. A piezoelectric actuator as claimed in any one of 
Claims 1 to 79, further comprising an elastic con- 
ductive material contacting the upper and lower 
surfaces of the vibrating plate to clamp the vibrating 
plate; 

and wherein power is supplied to the piezoelectric 
element via the elastic conductive material. 

81 . A piezoelectric actuator as claimed in any one of 
Claims 1 to 79, further comprising a wire wound 
around the vibrating plate while being in contact 
therewith; 

wherein power is supplied to the piezoelectric ele- 
ment via the wire. 

82. A piezoelectric actuator having a piezoelectric ele- 
ment, and driving an object to be driven by the 
vibration of the piezoelectric element; 

the piezoelectric actuator comprising reinforc- 
ing portions stacked on the upper and lower 
sides of the piezoelectric element; 
wherein power is supplied to the piezoelectric 
element via the reinforcing portions. 

83. A piezoelectric actuator having a piezoelectric ele- 
ment, and driving an object to be driven by the 
vibration of the piezoelectric element; 

the piezoelectric actuator comprising: 
a base frame; and 
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a support member formed of a conductive 
material, and supporting the piezoelectric ele- 
ment on the base frame; 
wherein power is supplied to the piezoelectric 
element via the support member. 5 

84. A piezoelectric actuator having a piezoelectric ele- 
ment, and driving an object to be driven by the 
vibration of the piezoelectric element; 

10 

the piezoelectric actuator comprising an elastic 
conductive material contacting the upper and 
lower surfaces of the vibrating plate to clamp 
the vibrating plate; 

wherein power is supplied to the piezoelectric 15 
element via the elastic conductive material. 

85. A piezoelectric actuator having a piezoelectric ele- 
ment, and driving an object to be driven by the 
vibration of the piezoelectric element; 20 

the piezoelectric actuator comprising a wire 
wound around the vibrating plate while being in 
contact therewith; 

wherein power is supplied to the piezoelectric 25 
element via the wire. 

86. A timepiece comprising: 

a piezoelectric actuator as claimed in any one 30 
of Claims 1 to 85; and 

a ring-shaped calendar display wheel rotation- 
ally driven by the piezoelectric actuator. 

87. A portable device comprising: 35 

a piezoelectric actuator as claimed in any one 
of Claims 1 to 85; and 

a battery for supplying power to the piezoelec- 
tric actuator. *o 
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